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At the University of Maryland School of Medicine a Clinical

Shock Unit (CSU) has been established to study the biochemical

resporise to injury in man.,

Traumatic shock is associated usuan:l with severe injury and

characterized principally by inability to maintain an adequate circulation.

This study focuses on the total problem ~ the reaction of the body to

injury, maintenance of life, and repair of injury.

Studies currently in progress and those proposed are aimed

primarily to understanding the biochemical response to injury in man.
Provisions have been made for carcful metabolic studies in the shocked

patient without interfering with obvious life saving measures.

Such extensive studies has required ths assembly of a con-

siderable staff - professional and technical to support a C.8,.U, on

a 24 hour basis,




. unit evolved from two major factors. (1). Original nature of the ___ =

ABSTRACT

Exp,erlniental problems reie _nt to establishment of such a

study (a scientific study of shock in man) (2}). An unﬁecedented
design of this study. Solutions to these problems are described.

Since incepclon of the contract January, 1962, some 200

" patients have been studied as they have undernone recussitation

measurec, Final organization of the unit now permits more complex
studies Into the physio-biochemical response to injury in man.
7. Key Words:

Shock . Shock Therapy

Hemorrhagic Shock - Hypothermia
Septic Shock Hyperbaric Oxygen
Cardiogenic Shock ’ - Aldosterone

+ Strangulation Obstruction Balanced Electrolyte Solutions
Ammonia Metabolism Mitochondria Infusion
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I. PREFACE

_ Since the last Progress repo.t vovering period of January l; 1962
to March 20, 1963 minor modifications in the protocol have become
nécessaxy but the basic philosophy and objectives have remained the

same.

Essentially, we know that shock 1s usually associated with severs

" injury and is characterized principally by an imps’-ed circulation, Be-

cav.3e of this striking and readily disc'ernable situation, most studies
of shock have been directed primarily at circulatory factors, their cause
«nd correction. In the shock state, the mochemél integrity pf the celi
determines to a large extent whether or not the patient will sufvive. The
shock syndrome, as such, obviously is a sum total of many mterrela.ted
an? vyet independent factors and mechanisms, If this condition 18 to be
preveited or treated = dequately, each factor or .mec_hanlsm must be ana-
iyzed. Considerable information iras been gained through extensive
s7nal studies, These experiences are being put to work in our clinical
study arcording to the protocol submitted by this contract, -
Since the fundamenta! theme of 6& ptoposal‘ is the study of shock

at the cellular level in the human, our objectives are: (a) elucidation

of the biochemical and ph‘ys!.oloqlcalterat. fon in nhock.nman: ;' I R

development . ti.fepcutic regimens; (c) development of preventive -
measures, The mechanics of operation are two~fold: (1) Clinical Shock

Research Ceunter to include sy a1l patient wards, laﬁomtorles. operating

o




(2)

rooms, specizlized study and therapy areas (auéh as OHP chambers),
and a data processing area;'and (2) Animal Research Center for con~
comitant and correlative controlled investigations,

These objectives have first resqlted in the Army pilot Clinical
Shock Unit already deszribed in the previous report. A future Shock
Traume: ;:éntar will allow expansion of ti\e above objectives and mech-
anisms of operation by the creation of a complete, self-contained, inte-

grated shock study program. .
For organization purposes in our programming, specific areas

. studied are sub-divided since the protocol is aime& primarily for investi-
gation of cause and effect, Concomitant therapy as a iife saving measure
is an integral part of the study. Emphasis on new potential such as
hyperbaric oxygenation (OHP) will be used whenever indicated, For
orqanizauoml purposes {n programming, the specific areas to be studied
are as follows:

A. Studv of the Mechanism in Shock

1. Metabolism
2, Physiology
a, Cardio-respiratory
b. Circulation
1. Radio-isctone techniques

¢. Renal

B. Evaluation of OHP, hypothermia, and combination of the two, as
therapeutic tools, .

C. The role of immunio-basteriological problems in shock,
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D. Evaluation of anesthetic problems and igéntl !.n OHP.
. B, Animal research to further augment the study and treatment of shock.
1. Enzyme Studies ) '

2, Chemotherapy in Hemorrhagic Shock
3. Cardiogenic Shock




II. PROGRESS OF CLINICAL SHOCK UNIT {(CSU) TO DATE

(4)

A. Organization
The organization of the Clinical Shock Unit, at the present time,
consists of the Prircipal Investigator responsible td the Chairman of
the Department of Sufgery and he, in turn, ls' supported by the Director
of the Clinical Unit and the Director of the suppuiting Animal Research

Unt.

The Clinical Shock Unit employs two binchemists at the Ph,D, level

‘and one at the M,D., Ph.D, levei. Negotiations are being carried on
with the University of Wisconsin Enzyme Researchv'l.aboratory for a third
Fh.D. blochemist. The Unit has been f9rtunate in obtaining the services
of Robert Ollodart, M.D, and Manfred Strauch, M,.D, Doctor.Ollodart,

a surgeon with a Master degree in Bacteriology and Immunology haé set
up a .laboratoxv to study the bacterial and immu‘nological factors in shock.
Doc;qr Strauch, a ‘ physlctén from the University of Heldelbérg, with a
background in pathology ana renal physiology joined the Unit this summer
after having spent 18 months in the University of Maryland Hypertenélonr
laboratory. Doctor Strauch is presently working in renal metabolism as

it relates to the anoxic kidney. '

Two new Laboratory Scientist IV positions were created to adequntely/
supervise and train technical persc;mel, modify present technical methods ,'
develop new methods and assist in the research planning., There are 14 '
téchnicians at various grade levels supporting the Unit on a 24 hour

basis,
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v'l'he shock ward, per se, employsv six nufses, fouf of whom are
supported by the contract and the femai_nlng two by >th'e University.
The patient area of the Shock Trauma Unit was originally pla;tned

“for a patient capacity of four. The past elght monins experlence in
caring for critlca}ly ill patients in the small four bed ﬁni: indicates
that the space is not adequate to care for more .an two oatients at

a time, Monitoring equipment, and the other nécess&ry specialized
equipment for study and therapy of the patients in shock occupy the
space of two i:eds. Therefore, with the present faéilitfes avauable,
the Unit has reduced its bed capacity by two; making this unit a
two-bed area, In a;'ldition, the typé of patients admitted to the Unit
during the first 24-48 hours, requires 1.6—24 nursing care hon‘\rs per
- patient,

- The surgical team, composed of attending surgical staff, is well
organized and. has besn tn operafién since thé.openInq of the Unit, In
many lnstancés, this ha; created hardships over the past year gnd it
| was apparent ihat Feliowship appotntments wers necessary. Asof -
September 1, 1963, five such individuals were vmade ayaﬁablp to ﬁe
Unit onvra twenty-four hourrrotatinq basis, A;ll but one Pellov) :ls’ supported
_ by University sources, The main responsibility of theie physicians

is to perform the necessary cannulations and ass&e that the protoéol
atudies are met during the period of patient resuscitation, Although
this plan has not been in effect for vex'f Ionq,. it has demou. Lated it«

value,
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All memberé of the CHnical Shock Unit, including technical
personnel, meet once a week, wherein problems encountered dutlné
the previous week are discussed and future plans made. One night
meeting per month is devoted to a progress report submitted by one of
the study areas,
| One severe detriment to the program has be.a that of inadequate .
laboratory space. Dean William S. Stone has partially alleviated this ‘ :
situatlon by the alloéaUOn of the Third Floor of the Bressler Building to the

Shock Unit (10,141 gross sq.ft.; 8,933 net sq.ft.). This additional space

wili relieve the overgrowded hospital area, Many; laboratories are now

- . being moved into this area., -Other labo_ratorles await renovation funds
being soughi through private sources.

B. Contributions : : o

beaﬁ William S. Stone has mad avauable. to the Clinical Shock Unit,
\

funds amounting to approximately § 5,000. Five thousand dollars for
| .

i
renovation of the enzyme laboratory; 332,000 to equipment; and $28,000

e e ' 'féxi"{ﬁé'arh‘e-tv’lﬁdroscopy unit used for the necessary complex catheterization

studies required.
A 22' x 8* hyperbaric experimental cl;amber has been acquired from the :r‘
Dixte Manufacturing Company, This $58.000 chamber was »p\;rchased ' ;
> through the USPHS Grant No. HE-07898-01 at a cost of $23,500, thus
P relieving the Army contract of that obligation, _ The remainder of the purchase
price, $34,500, was donated by the Dixie Marufacturing Company. ."‘u;l

addit:onal $25,000 has been obtained through private sources to install
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'thls unit in the Clinical Shock area on the third floor Bressler laboratory.
Bids for installation of this facility on the third floor of the Bressler Building
are underway. _ .
The Hercules Fowder Company, Wilmington, Deiaware, has donuiqd a
hyperbéric chambzr to the Shock Unit. This is a large clinical chamber, the

main unit of which will be 13* x 25' and containa .ck 15' x 8'. This awara .

includes the 1e:essary engineering and equipment at an estimated cost of

$250,000. The main chamber has been transported to the Dixie Manufacturing

Company who will subcontract the complziion of the unit., The University

'{s in the proc. 288 of acquiring a site, as well as tﬁe estimated SIO0,0bO

necessary to house ;nd furnish the 'anculary areas for this operation room
facility. Fabiiza’'on of this chamber wi.ll be completed in fo;xr to six months.
A USPHS Grant No, RC-1151 has been awarded to the University of Maryland
for the construction of a Shock Trauma C.ater, To assist in seeking
private contribr:tions for the additional $800,000 matching funds for this
Centex;, a brochure was created. This brochure contains phbtographs and
;detans of the Shock Trauma Unit at present, pi:otographs of thé Dixie
Hyperbaric Chamber and ﬁercules Hyperbaric Ch_amber, and ifuture plans
fcr development of the Center. _ |
An additional grant obtained to rhglp support the Shock Trauma Center .
is USPHS Grant No. HE-07898-01 which will allow the purchase of a hyper-

baric oxygen chamber. This grant will also staff this complex with an

investigator, technician and engineer,
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IiI;, NEW STUDIES INITIATED

A. Microcirculation

The Shock Trauma Unit has been fortunate in obtaining the part time
services of Doctof Meilvin K. Knisely to establish and develop a micro- :
circulation section of the Shock Unit. Doctor Knisely will train one of
our technicians at .hls 6wn expense at the Me@lca. Qollegé of South
Carolina. Thiz technician on returning to the Shock Unit wili carry
out microcirculation studies during his periods of absence, It is hoped
that‘ additional funds will be available through the University to acquire
Doctor Knisely on a fu{l-—time basia, l

B. Clotting Mechanisms )

OQur preliminary studies in the clotting mechanisms of blood have
shown that this phenomena may play an important role in the shock
syndrorﬁe and will require more concentrated and falaborate investigation.
A new laboratory is being set up for this purpose,

" In addition to the hemogram, the dét;munatlon of coagulation time,
prothrombin time, and fibrinogin; platelet count will be added to these
tests that will demonstrate the using up of all blood elements in ‘=ira-
vascular clotting in shock. Better standarcitzatlon of some of theso tests,
especislly the coagulation and prothrombin umei will be made whenever it S
the coagulometer is obtained, The partial thromboplastin time test will ' '

also be determined with the coagulometer, A thromboelastograph has !

beén ordered and will enabls us to study graphically all phases of
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B will be determined by evaluation of ﬁbrlnolys!a/ using the eugloubin

~ to be a consultant for the nit in this field. Doctor Kirby perfdrms a simi_lar

(9)

-

f

cldttlng fibrin formation and fibrinolysis. Purther.i‘:atudies of fibrinolysis

test and the determination of endogenous hepaﬂn. Purther study of intra-

vascular coagulation wili be carried out in the detel_'mlnat.lon of cryopro-

~ fibrin which was 1solated by Shainoff and Page., The formation of cryoprofibrin

is the only presently available chemical evidence for intravascular thrombin
activity and is expected to increase its states of shock. Study of the pro;
teolytic activity of the bloed in stafes of shock will be mde&aken: »
specifically the determination of bradykinnin and its possible relation to
the plasma kallikrien.system. i |

C. ' Medical Systeﬁna Analyses and Control - . . . ‘

The Unit has been aware, since its inception, that baseline data
qathe;ed'on shock patients Las not been classified or analyzed. Further-

more, it is becoming apparent ‘that mére applied physics and engineering
; . e

such as rheology, should be included. The amount of data in many
areas is overwhelming and it became apparent that a method of data
processing is necessary. Doctor William K. Kirby, an M.D, Engineer,

with experience in medical systems ani‘ly_uis and control, has consented

function for the Ballistic Research Laboratories, Aberdeen Proving Ground,
advising and assisting biomedical engineering programs supporting

the Army's wounding ballistics effort. .= To initiate this program,

he will use a Ph. D. mathematician to assist in planning and
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controlling the research effort. The objective of Doctor Kirby's studies
will be to determine a feasible method for information handling and data
analysis to meef the needs of the Clinical Sl;nock Research Program. The
scope of the study will cover three afeas of activity .hich relate to
complex research data handling and support:

1. Information storage, retrieval, and displ. = methods.

‘2, Data analysis techniques including mathematical and statistical
methods with possible on line considerations. System analysis .
including feedback ideas at the cellular level are suggested.,

3. Analog, digital and hybrid analog-digital computing and infor-
mation handling facilities considering both on-line and off-

Hne needs, ' :
4, Subpomve ap;;lied physics and engineering.
The above methods should enable the unit to mveutlgate'a::eas
which appear producuw}e as well as terminate non-productive research
activities. A curriculum vitae in reference to Doctor Willlam H, Kirby, Jr.,
s enclosed. .

- A monitoring and recording system to handle such complex shock
data is nearly constructed. This unit is designed to use the IBM computer
recently located in the School of Medicine as well as the large IBM
Comguter Center at College Park. (See Appendix A)

. D, Portal Veiri Cannulation D
A technique of 1-ortal vein cannulation via the'umbilical vein is being

taught to the Ressarch Fellows, This method devised by Holbrook is

essentislly that of dissecting the umb:‘iéal vein and passing - -atheter

|
.3
|
|
}
|
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into the portal system. This will be of inestimable value in metabolic

__ studies concerning the lver, _ '

E. OHP - Model for Normal Physiology
Hyperbaric oxygenation is plaﬂnq a more prominent role in the shock
;, . _program. Since three atmospheres has been amployed in these labora-

tories, and elsewhere for mnaqe;:xent of potential clinical problems, it
is necessary to establish this laboratory norm, This will em;u ;
complete study of the physiologic, biochemical, and enzymatic changes
under these condmons for porio&s of exposurs of apprnximaf?ly two hours,
The study is to emphasize cardio-vascular cha:uju particularly regional
distribution of flow and reflex mechanisms, The biochemical study is to
emphasize acid-base metabolism, hct;te, and pyruvate metabolism,
and,o:q;dauva enzyme systems, These are to be done in the dog. Itis
also proposed to investigate .th; effect of OHP on the problem of oxida-

tive phosphorylation. This is to be done by atudy of mitochondria changes

in the heart and in the liver in the rat under these OHP conditions,
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IV. SECTION PROGRESB REPORTS
A. S'I;UDY OF THE MECHANISMS IN SHOCK
1. Metabolism
It is our assumption that the ultimate fate of the -'ock patient
-les in the functioning state of the enzyme system. Thus, in order to ‘
” get ﬁefinifé and possibly déciswe inforniathn regardimj"' L] inetiboﬂé
responses to shock, we are collect!r;g a ‘mumtu’de of blochemical data

in three different group arrangements:

1. Normal human individuals
2. Shock patients (hemorrhagic, septic, traumatic shock)
3. Animals (dogs, rabbits, rats)* .

* These experiments aré performed to study different stages of shock under

controlled conditions and to check organs which are not accessible to identical

studies in men,

TECHNIQUES Outline of procedures
A. TISSUE ' A *  B. BODY FLUIDS
I. Study of Enzyme Systems i. Enzyme acuivities in blood
: ) plasma .

1) Measurement of single reaction
II. Metabolite concentrations R

steps
a) in tissue homogenates in blood
, b) in subcellular fractions .
~ ¢) isoenzyme determinations . III. Metabolites in urine

d) study of enzyme kinetics

+2) Semiquantitative survey of meta-
bolic pathways by means of
combined techniques

II. Estimation of steady state levels of
metabolites in tissve samples
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All enzyme studies are restricted to living tissues taken by means

of biopsy techniques. In clinica) regearch samples of heart muscle (both
atrium and ventricle), skeletal muscle, liver and kidney will be checked.
In anima] research the study is extended to bi'ain. spleen ai.d supraienai
glands. EHeart biépsies are only practicable during open heart operations., . - - —
They are performed to learn how the heart musc reacts upon the stress oi
operation and to control the effects of artifical circulation, hypothermia and
OHP. All the other tisgues are easily accessible.

With an amount of 80-100 mg tissue (wet weight) up to 25 different
enzymes can be checked per sample. Immediately fbnowlnq .the biopsy the .
tissue is carefully blotted, cleaned, weighed and homogenized at low tem-~
peratures. The enzyme a<tivities are determined in the supernatent obtained
after ultracentrifugation of the homogenate,

" Most of the enzymes selected are linked to main pathways of

metabolism: glycolysis (EMBDEN-MEYERHOF ~-pathway) and oxidation (KREBS-~
cycle), Some belong to essantial metabolic sidepaths (e, g. DICKENS-
HORECKER pentose monophosphate shunt) or are closely connected with the
urea cycle and the amino acid metabolism. Four different enzymes checked
are specially involved in energy metabolisin (kinases). In alphabetic order
the selected enzymes are:

1. Adenosintriphosphatase (ATPase)

2. Aldolase (ALD)

3. Creatinephosphokinase (CPK)

4, Enolase (ENOL) .

5. Glutamate Dehydrogenase (GLDH)

6. Glutamic-Oxaloacetats Transaminase (GOT)

7. Glutamic-Pyruvic Transaminase (GPT)

8. Glucose-6-phosphate Dehydrogenase {G-6-?DH)

9. Glyceraldehyde-3-phosphate Dehydrogenase (GAPDH)

10. Glycerol-1-phosphate Dshydrogenase {GDH)
11. 1Isocitric Dehydrogenase (ICDH)
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12, lactic Dehycicgenase (LDH)
13. Malic Dehydrogenase (MDH)
14, Myokinase (Adenylatekinase (MK)
15. 6-Phosphogluconic Dehydrogenzce (PGDH)
16. Phosphoglucose Isomerase (PGI)
17. Phosphoglycerate Kinase (PGK)
18. PhLosphorylase a,b (Phl)
19. Pyruvic Kinase (PK)
20. Triosephosphate 1somerase (TIM)

With the exception ofiA'l‘Pase. and Phosphorylase all these enzymes
are determined spectrophotometrically using medern optic enzymatic tests
(WARBURG). It is possible to determine the activity of all twenty enzymes in
each of three to four different samples within one day (requires two technicians),
The measgured activity is expressed as units per gram w& waight, asg well as
in units per gram extracted protein.,

Tissue samples with higher blood contents require the determination
of the'percentage of contamination for erythrocytes contain reasonable amounts
of certain enzymes. This is done by comparison of the hemogilobin contents
of the homogenate and peripheral blood. The enzyme activity found in the
respective erythrocytes in a separate test is then subtracted from the tissue \ ’
enzyme activity according to the calculated blood contents (mainly for G-6-PDH,
MK and PGDH). -

To prevent a false interpretation of the results regarding the measured
tissue enzyme activities there must be a routine histologjcal examination of
each tissue section. All organ samples contain various amounts of connective
tissue and fat which are additional sources of extractable enzymes (especially
GLDH, G-6~PDH, and PGDH). Under patholéqical conditions theoe® amou-ts

and quantitative relations may change thus causing a distortion of the typical
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enzyme pattern of the tissue in que..don.

. Whenever posasible gl_eﬂg_g_wmgm of the tissue
samples will be carried out, Many enzymes are attached to subcellular
structures for instance to mit~chondria and micros-wes, By means nf this
technique it should be possible to dedde whether biochemical changes occur
prior to structural aiterations or not. .

Under certain conditions c;r;e will have to compare tissue enzyme
activities and histological state with simultaneously determined enzyme levels
in the poripheral blood. In order to underu_tand the observed changes and see
the connections it is necessary to know the intracellular digtribution of ali
the checked enzymes ‘l‘n all the organs in question,

Information about the intracellular distribution of enzyu;es in various
human organs is as yet only partly avuhbie. This investigation requires
greater amounts of tissue being subjected to differential centrifugation and
using resected organs, parts theresof or aum_pa& material of patients very
shortly after death (e.g. traffic accidents). A ltandara technique for this

procedure has been worked out. The examination will yleld a survey of the

percentage distribution of each enzyme within the obtained four cell fractions:

" nucled, mitochondria, microsomes and cytoplasm,

These cell components are well characterized from a morphologic

point of view through their structural geometry, their dimensions and fre-

quently through their intarnal organization. However, a detailed morphologic

analysis by means of slectron mla'olc(:ﬁ is necessary for al! the biochemical

work on the various cell fractions, to check the fractionation technique used,
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gna to correlate the {solated particles ..th structufal elé}rent's observed

1;1 the intact cell.

Enzymes of identical catalytic function from various organs can be
separated into different enzyme proteins of identical specifity. These hetero-
genous enzyme proteins are called "Isoenzymes” or ‘laozymea“.‘ As mentioned
sater un (s.B,I) the determination of {soenzymes {n blood plasma is of grleat
diagnostic importance, indicating cellular damage in a certain ordan. Our
investigations will firet include the elwﬁophqeuc separation of LDH and
MDH isoenzymes ‘in all the .biv psy material obtained. .

Simultaneously performed isoenzyme separations in tissue and serum
will yield more information about several lﬁportant points, such as the per~
meabiiity of cell membranes to enzymes uader both normal and pathological
conditions, the velocity of permeation in relation to the subcellular enzyme
diatrlbut‘ion and the velotity, as wali as, the mnn§ of enzyme eUnunauon
from peripheral blood.

Since ihoenzymes of different subcellular odgth véry even in their

properties (e.g. substrate affinity) these determinations should facilitate

i the local!gation of the very first site of action of a Ipatholoqical prccess in
! Q quostion; | l '
Tissue enzymes which show substantial alterations in their activities
compared to normai conditions v{m be subjected to :ntud.let of their kinetics.
These nt;xdlea will include the determinations of MICHAELIS constants, the.
rate of inhibition by known {nhibitors, the influence of pH, ions, temperature
' . and various other analytical characterizations. The changes observeu should

substantiate the existing knowledge of the mode of enzyme inactivation or

aging.
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In addition to the determination of single reactions and enzymes

in standard preparations some cases will require the application of various

combined techniques to glve gver-all pjcture of metabolic pathways, Whenever

_ possible we will first try to determine in vivo by means of isctopic tracer

techniques what specific metabolic reactions occur in the tissues of the whole
organism and then make further studies of these t..sues in vitroto find out
how these reactions are controliud,

The main interest is directed to the metabolic pathways of glycolysis -
including the PASTEUR effect ~ of oxidative phosphorvlation including the
counter action of ATPase and to amino acid sypthesis and - breakdown,

For thils purpose tissue slices ag well as homogenates and isolated mito~-
chondria will be checked, using combined manometric and spectrophotometric
techn!quész These methods are applied with the intention of studying the
regulat&ry factors that determine which metabolic sequences occur when many
alternatives are possible or which reactions are rate-controlling.

8pecial attention will be paid to the structure and biochemical function

of mitochondria during shock., Localized in these particles is the normal

" cellular respiration, i.e. the oxidative metabolism and the terminal electron

transport ("respiratory chain”), Thus, they play the most important role in

energy metabolism, producing about 95% of the total energy necessary for life.
The measurement of mitochondrial oxddative phosphorylation and ATPase

activity will be re_su-icted almost exclusively to animal experiments, for the

isolation of mitockondria in reasonable amounts requires more tissue-thr.n can

" be obtained by means of biopsy (of course, it will be possible in amputation
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‘ or resection preparations). However, recently developed techniques
allow the assay oi these functions and of enzymes and coenzymes of
the respiratory chain in very small amounts of tissue (photoelectric

spectrophotometry, using the *doluble beam spectrophotometer” of

B, -CHANCE)‘ It will be possibl ,‘tﬁl include these metlods as soon as
the necessary equipment is available,
~ " The activity of tissue enzymes in vitro is not necessarily ident-

ical with their activity in vivo., Inhibitors present in the lving cell and

preventing full acﬁvﬁty of certain enzymes in vivo may be removed durim!g
'usaue preparation procedures leading to higher acti;riues in vitro, The
release of structural fixed enzymes from their cellular carriers - for
instance from mitochondria by effuc'uve homogenization - will partly cau?se
the same effect. Moreover, there is a great dﬂﬁronco between the substrate

and ion concentrations, the pH value and many other factors under the

conditions in vivo Snd the amﬁdl 'physlqlogtcal' conditions in vitro.
- !
Therefore, in order to attain a more actual survey of the metabol.lT

situation it is indispensable to determine simultaneously gteady gtate jevels

of metabolites besides the mentioned enzymes.

T

Animal experiments have proved the insufficiency of most technlcal'

P

procedures used to prepare tissue samples for the anazlysis of metabolites

the conventional biopsy and following deproteinization of tissue samples

require too much time allowing drastic chanqop in the concentration of these
compounds. Duriug biopsy - within milliseconds - most of the amportar:’

}" , - metabolites, for instance, the adenosine and pyridine nuclectides will

t
!
‘1
|
"
|
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catabolized or converted to “operational tcomers”™.

The most useful method to prevent these alterations is the application
of the so-called "freeze-stop technique”: a special forceps precooled to
-190° C cuts off a pilece of tissue, pressind it' to S 'té,;n layer and cociing h
down to ~100°C within parts of a secsad. This step is followed by immediate
duproteinization of the sample, performed in a co’ room, and using lquid
air to control the temperature down,

As yet, this technique has not been applied to human research. This
is the maip reason for the lack of satisfactory data corcerning the mefabonte
contents of human organs undor various conditions. Freeze-stop forceps
developed for animal research are not applicable to human conditions. In
co~operation with the Baltimore Instruments Co. the development of a special
small forceps suitable to our planned investigations in humans is now in
progress. The following metabolites will be determined:

1. Adenosing-mono-phosphate (AMP)
2, Adenosine-di-phosphate (ADP) '
3. Adenosine-tri~phosphate (ATP)

4, Cretinephosphate {(CP) A

S. Dihydroxyacetonephoaphate (DAP)
6. Fructose-6-phosphate (F-6-P)

7. Fructose-1, 6-diphosphate (FDP) "
8. Glucose (Gluc)

9. Glucose-6-phosphate (G-6-P)

10. D-Glyceraldehyde-3-phosphate (GAP)
11, - Ketoglutarate (KG)

12, lactic Acid (14)
13. Nlcotineanude-adenlne-dmucleoude. oxddized and reduced form (NAD,NAD- H)

‘14, Nlconneanude—aderune-dinucleoude-phosphate, and reduced form (NADP, NADP-H)

15. Phospho-enol-pyruvate (PEP)
16, Pyruvic Acid (PA)

In addition inorganic phosphorus (Pi) determinations are necessary for turnover

studics of these energy-rich phosphate compounds,
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With the exception of morganic'phosphorus, the quantitative

- analysis of these compounds will be performed by means of the most

modern enzymatic techniques, Methods and necessary reagents areon =

hand,
Moreover, the improved biopsy technique will enable us to
, deterndne the actual concentration of free amino «xidg in tissue, A
special auto-analyzer is already in use for the ass3y pf amino acids in
serum. In connection with the other values obtained this data should give
an excellent survey of the réspectlye metabolic situation.

Already under physiological.conditlons a mﬁltitude of cell enzymes
permeates the cell me:,ambranes or 18 even secreted from organ cells 1ntol
the circulating blood, The majority of these enzymes belongs to the main
pathways of the energy-generating metabolism that is, they can be found
in every tissue of the body. _SOme enzymes, h@evet, are localized a.lmcst
exclusively in one organ; thus, any change of their activity in the plasma

points specifically to alterations of this organ. These enzymes are called

...__"organ-specific enzymes”,  __ ___ ... o ] —

Gehemuy, a patliological destruction of tissue cells increases the
amount of tissue enzymes in blood serum, A choics of several enzymes
determined simultaneously will therefore be of great diagnostic value.

The following serum enzyme activities will be checked in the course
of our study; organs which are main sources of these enzymes are mentioned

in parenthesis,
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1. ALD (lver, kidney, skeletal muscle)
2. CPK (heart, skeletal muscle "organ-specific”)
3. GLDH (liver mitochondria. "cell fraction specific”)

~""4, GOT (heart, Hver, kidney)

8. GPT (lver)

6. G-6~PDH (connecnve-,fat-and lvmphatic tissue)
7. LDH (skeletal muscle, heart, kidney, liver, erythrocytes)
8. MDH (liver, heart, skeletal muscle, brain, erythrocytes)
9., SDH (lver "organ-specific") v

* Sorbltol-‘Dehydrogenase

Additional measurements concern the “plasma spec!fic enzymes prcthrombine,
factors V and VII.

About 15 ml blood are needed to get the necessary amounts of serum for the
assay of all enzymes. :

Obviously, many organs of the body will be involved and more or

less functionally disturbed during the course of shock. As preliminary studies

_have shown, this will increase the activity of most of these enzymes in the

peripheral blood, thus deteriorating the value of serum erizyme determinations
reqarding' organ specifity of d.tagnesis (not regarding the possibilities for the
continuous obgservation of the course of the. disease and of the prognosis) ..
Therefore, it seems to be much more advantageous to analyée blood samples
taken directly from blood vegsels close to the organin question rather than
from the cubital vein. This requires different forms of catheterization.
However, this technique is already in use for other clinical purposes and
ean'be easily utilized for enzyme studies,

A better way to obtain an organ specific diagnosis without_catheterizauon
is the assay of igoenzymes in serum from peripheral biood, It i{s planned to
separate the LDH and MDH isozymes lﬁ serum by means of a special electro-

phoresis. The trespass of organ-LDH or ~“MDH into the serum causes typical

.
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alterations of the isozyme peaks in the serum electropherogram, thus

. indication the origin of any excess activity in serum. As mentioned

previously (A,1 ¢}, isozyme determinations in blood and tissue samples

are supposed to be of special importance for the invostigation of ceriain

biochemical responses to shock.

In agreement with the remarks made in #3,: .tis important to

determine in addition to the enzyme activitles also various metabolite

concentrations in blood, Hereby, again the survey of the actual metabolic
situation will be improved. '

With the exception of CP, DAP, GAP, NAD-!-i. and NADP-H the
same metabolites, a; mentioned in #A,II for tissue, will be determined_
in blood; urea i{s assayed additionally. Here, too, the quantl.tanve anaiysis
will be performed with the aid of enzymatic techniques which have been
used previously. About 15 ml blood are necessary for the estimation of all
ﬁetaboll:es. It is essential that after drawing the blood it is immediately
deproteinized in ice cold perchloric acid.

Some of the metabolites to be determined in whole blood are locauied
in the corpuscular elements of blood and do not occur free in the plasma
(especially the adenosine and pyridine nucleotides, the hexose phosphates
and the energy-rich phosphate compounds) Because plaéma and erythrocyte
volume will change during shock, it {s always necessary to detérmlne the

hematocrit as a means of reference.

Using a routine micro-method, values for b) ta::“ard bicar- ‘

bonate and pCO, will also be avatlable. In special cases plasma NH, will
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be determined, too. The continuation of the assay of amino acid in serum
by means of autn-analyzer techniques and Upjd determinations by means of

gas chromatography will complete the metabolic studies in blood.

Urine will be analyzed for urea to see whether the relation between

blood ursa and urine urea can|give some inforn\étlon about the kidney function

SUMMARY OF PROGRESS IN THE ENZYME LABORATORY

The establishment of an/Enzyme Laboratory, as part of the Shock Unit,

was mﬁpleted on May 3, 1963, Within the following two weeks, the aquipment

Because of the introduction of new and difficult techniques, the one
techrdcialn available since May 3rd, had to be trained over a period of five
weeks, On-June 6th, the ﬁrst%atudies were begun, Below is an outline of
the work completed so far.

1) Comparison of varioﬁ]s methods for protein determinations was
maée us!nq‘standardized proteiln solutions elnr?d Homogenates of red organs,
The protein estimation by ultra%-vlolet absorption Mqrburq-Chrlstiﬁﬁ) and by

| : .
Lowry using the Pohn-Ciocalte}x reagent seems most suitable for the enzyme

- work. It is, of course, neceullary to check in further studies, the agreement

|
of these methods with the resul1ts obtained by Kjeldahl technique. At this

{
time we do not have the mceu;ary equipment for the latter,

\
2) Using Hemogenste of rat Brain, the activity of the following

enzymee has been determined: *GOT, GPT, LDH, and MDH. We are now

. -

}
|
é
|
I
|
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b.eginn.ing to compafe the values obtained under normal conditions, with those
in Noble-Collip drum shock. This work is done in cooperation with Doctor
Michaéns and Doctor Komatsu,

3) In = gariee of studies, the enzymatic respo...@ to anoxia in d:g
kidney is checked. The following enzymes are determined: *GAPDi-!, Gor,
GPT, G-6-PDH, ICDH, LDH, MDH in:

a). ‘ndney homogenates before ligation of the renal gnﬂry

b) Kidney homogenates four bours after u;;atlon

¢) Kidney homogenates one to three weeks post-ligation
This work is done in coopérauon with Dr, Strauch. The study up to this
time has been on 15 dogs, and will be continued.

4) In tissue samples of humar.x heart (atrium and ventricie) obtained
during oplen-heart operations, the following 18 enzymes are determined:
*ALD, CPK, ENOL, GAPDH, GDH, GLDH, GOT, GPT, G-6-PDH, ICDH,
MDH, MK, PGDH, PGl, PGK, PK, TIM.

This study so far, has included 11 atrium samples, and 6 ventricle
samples, taken before putting the patient on the pump oxygenator, This
study will be continued including enzyme determinations on samples obtained
during different phases of the operation.

5) A modificd technique has been worked out for the electrophoretic |
separation of Isozymes using Cellulose Acetate Strips. This is being done
using serum and various tissue homogenates, Satisfrctory results have

been obtained with the Isozymes of LDH, and MDH, The ada),'‘cn of this

method to other enzymes is being tried.
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o 1) ALD - Aldolase
2) CPK - Creatinephosphokinase
3) ENOL - Enolase . S ——

e ——4) -GLDH ~ Glutamate Dehydrogenase
5) GOT - Glutamic-Oxaloacetate Transaminase .
6) GPT - Glutamic-Pyruvic Transaminase
7) G-6-PDH - Glucose-6-phosphaie :.chydrogenase
8) GAPDH - Glyceraldehyde-3~-phosphate Dehydrogenase
9) GDH - Glycerol-1-phosphate Dehydrogenase :

10) ICDH - Isocitric Dehydrogenase I
... 1)) LDH - Lactic Dehydrogenase =~ = .
cooTr 12) "MDH - Malic Dehydrogenase .
13) MK - Myokinase (Adenylatekinasge) ' '
14) PGDH - 6~Phosphooluconic Dehydrngenase
15) PGI - Phosphogluz-use Isomerase
16) PGK - Phosphoglycerate Kinase
17) PK - Pyruvic Kinase
18) TIM - Triosephosphate Isomerase

" The purpose of this program is the .explou'auon of the basic biochemical
mechan(sm‘s in shock and their alteration during shock in man. The following
basic biochemical studies are deemed important in our research program.

1, Hgmato;:rn = micro-method

2, /;mmoglobin - alkaline hemaﬁn colorimetric method

3. Refractive Index - by using Goldberg Refractometer, the specific qrav!ty,.
total solid concentration, and total protein concentrat.
a:e determined on serum and urine, 1

4. Blood, pH, pCOz, pOy, COz, and O, content; and?g s;turation -

R Determined by Astrup Micro Technique, manometric,
tonometer and electronic methods,

S, Electrolytes = T

. A. Sodium and Potassium - flame photometer
B. Magnesium - fluorometric determination
C. Chlorides - titrimetric method

6. Chemistries ~

{ A. Urea Nitrogen: Karr's Method

’ B. Glucose: Method of Folin - Wu
C. Blood Ammonja: Seligson Method
D. Lactate Acid: Barker - Summerson
E. Pyruvic Acid: Freedman - Haugen
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In the future, plans are being made to better standardize the
chemical analyses already being performed. Also to add kidney function and
clearances of creatinine, para amino hippuric acid and lnsuﬁn. In order for F
this to be done, it is necessary to have a separate compiete laboratory and :
techniclans with more adequate training. ’ ‘ k

7. Amino Acids -

Amino acid determinations are being performed on blood plasma,

urine and tissue taken from patients in shock, Blood samples taken during

" subliminal perfusion as well as a substantial number of normals have been

studied. {See Appendix - B)

The sampies are‘prepared and analyzed according to the methods
outlined in the following papers: Stein, W.H. . J. Biol, Chem 201,. 45-48 (1953),
Stein, W.H., Moore, S., J. Biol. Chem 211, 915-926 (1954), Tallan H.H.,
Moore, S., Stein, W.H., J. Biol. Chem 211, 927-939 (1954). At present,
the preparation and complete analysis of a physiological sample on the Beckman
120-B Amino Acid Analyzer require; a total of Sz hours. However, with the
addition of an Accelerated Run Converslon. Kit to a present 120-B Amino Acid
Analyzer in the near future, it will be possible io analyze three samples in the
same 52 hour period, ‘

This laboratory is being equipped for the separation and identiﬁcatign
of peptides and related compounds from various biclogical materials. On com-
pletion we will be capable of quantitatively studying the blood for possible
abnormal or increased amounts of polypeptides such as bradykinin wnich ma .

be released during increased proteolysis of plasma protein constituents in the

shock syndrome.
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7A. Electrobhoretic plasma protein studies and amino acid
analyses; are being done on identical shock and normal samples in an effort
to correlate amino acid variations with plasma protein levels in shock.

If it 1s found that certain plasma protein ﬁacuons are related to
amino acid variations in shock, we will then attempt to isolate, purify and
eventually characte;ize the ﬁroteolytlc enzymes responsible
8. Gas Chromatography

' The techniques for total steroids, fatty acids, aromatic amines '
and polysaccharide fractions are being established, '

Numerous abnormalities in the serum lpid of.patients in traumatic
shock have been reported.. Wa are already applying gash chron;atography to
determine from the sera of a group of shock patients (1) the total lipid,

(2) total neutral lipid, (3) total phospholipid and (4) the fatty acid combosiuon
of the total lipid fraction, tl;e cholesterol ester fraction, the triglyceride fraction
and the phospholipid fraction.

At present, twenty sera samples from three shock 'patlents and one

normal control patient are under analysis using the modified micro-technique

of Folch M. Lees for sera lipid analysis (. Biol. Chem. Vol. 226, 1957).

Analysis of the above data awaltj re~svaluation of the present techniques used.
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2. Physiology

‘l‘hel fluorography=-isotope labpratory has not as yet become
functional because of the critical space shortage. Overflow from the
biochemica) laboratory necessitated uuuzlnq‘this area.to begin the
fundamental studies of metabolic changes in hypexia. However, funds
have been made available to move the enzyme laboratory to the third
floor of the Bressler Building. This will allow exploration of certain
organs under catheter~fluorography control for sampling,

Information is not available in reference to normal human cardl;c
tissue enzymes. Whenever possible biopsy of the atrium and vﬁntricle
prior to and following pump oxygenator perfusion will offer a means of
collecting lving cardiac tissue for enzyme sampling, The following
enzymes are being determined at the présenf time: ALD, CPK, ENOL,
GAPDH, GDH, GLDH, GOT, GPT, G-6-PDH, ICHD, MDH, MK, PGDH,
PGI, PGK, PK, TIM. | ‘ '

This procedure will offer a norm for a comparative study of the
cardiac enzyme activity during traumatic injury requiring thorocotomy for
resuscitauﬁn. As the laboratory enzyme techniques and procedures improve,
this same method will be used to study livqr tissue, i.e,, biopsy of the
normal liver (when attainable) will be compared with shocked liver tissue
obtained when laporatomy 1s used as a life-saving measure,

Coagulation Studies

A hypothesis of disseminate intravascular thrombosis has baen
proposed by Col. R. M. Hardaway to explain the various changes occurring

in shock that ultimately lead to irreversibility, This hypothesis has been
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supported by experimental stulies that demonstrated a decrease in
fibrinogen level, a prolongation in clotting, and prothrombus time and
a decrease in the platelets in shock secondary to hemorrhage, endotoxins,

injections of thrombus or mismatched blood. The vallaity of this hypothesis

was tested 1'n patients admitted to the shock unit in ‘variousr Qiageu of k

shock. Initial blood samples were withdrawn as so.a as the patient was
admitted to the unit. Repeated samples wére oﬁtained_wlthln 4 - 7 hours

and then every 24 hours if the clinical status of the patient remains the same, ,

If there 1s a change in the clinical condition or surgery is performed, blood

" samples were obtained before and after surgery, unﬁl the patient is discharged

or expires.
The following tests were performed:
1) Fibrinogen level using the turbidimetric method of
Parfentjer normal values 200 _-.400 mngm%. |
‘2) Clotting time -~ Lee White's method using silicone tubes,
Normal values 20 - 60 min.
3) Prothrombin time Qt;lck method normal values 14 - 17 seconds,
- _4) Hemeglobin and hematocrit using the micromethod.
From March 13, 1963 till August 2, 1963, the following tests were
performed:
383 tests for Fibrinogen
264 tests for Clotting time
284 tests for Prothrombin time

Thirty-five patients are included in this study. The clinical diagnnsis was
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as follows: - : o o S
S Acute myocardial and pulmonary infarctions,
9 Septic shock
16 Hemorrhagic shock
3 Trauma
1 Shock cause (?) Terminal carcinoma
1 Burn
Changes in Fibrinogen:
A. vHemorrhaglc shock
The most common ca'use of hemorrhagic shock studied in this group
was bleeding duodena.l ulcer. There were 3 cases lecondary to rupture of

major vessels (2 aorta), and 1 case of hematuria, In general, there was a

correlation between the arterial blood pressure as a measure of shock and
tha fibrinogen level: whenever the mean arterial blood pressure was above

60 mm Hg (except in hypertensive patients). The fibrinogen level was either il

in the normal range or above, As the bleading continued and the blood pressure

dropped below a‘mean of 60 mm Hg, hypofibrinogenemia occurred to le\;els

‘below 50 mgm% in some cases, This was a bad prognostic sign, for despite

restoration of fibrinogen levels to normal values, these patients ultimately
died. However, this general rule was not universal. There were patients
in hemorrhagic shock from 5 hours to & terminal condition with mean blood

pressures varying from 0 - 50 mm Hg., hematocrits 18-25% and hemoglobins

~ 5 - 8 gms%, and yet exhibited normal fibrinogen levgls.- Seven patier..s fell‘

into the latter group, Although this can be accounted for by the administration

of blood in certain instances which tend to restore the fibrinogen level, yét
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the majority had been in shock both ..itially and terminally, without
" exhibiting the picture of hypofibrinogenemia.
B. Septic Peritonitis

There were 9 cases of septic shock, mostly secondary to peritonitis,

7 E»‘irvrzemc.aéersv demonstrated hyﬁéfibrinc;éénemia, where 4 otherﬁ Vl;;.!rnoyﬁlal
fibrinogen levels (average 33 mg), althought there was a snghg decrease in
the ﬁbrindgen level, All patlenté in septic peritonitis died, irrespective of the
fibrinogen levels of the blood, except one secondary to septic abortion who
survived. |
C. Acute Myocardial Infarction
There were 5 patients wit;'l acute myocardial and pulmonary infarctions,
in cardiogenic shock whi‘q.h dem‘;nstrated a marked drop in the fibrinogen levals,
with the onset of cardiogenic sr;‘ock. (average 123 mg%)
Changes in Clotting Time: "
| A, Hemorrhagic Shock
In 6 patients the clotting ti'me was normal and in 8 other patients it

follbwed an abnormal pattern - a hypercoagulable state was observed immediately

_during the bieeding episode which was restored to normal state in patients that

survived, or changed to a hypocoagulable state which was observed in terminal
patients. The blocd clotted in the ‘syrinqe in some patients whereas in the
terminal patient blood would not clot in more than 3 hours. The test was not
B. Septic Shock
Only 3 patientﬁ had ncrmal clotting times, 3 patients had clotting times
varying between 2 -~ 4 hours and 3 exhibited the hypercoagulable state initially

(clotting time 7 - 16 minutes) followed by a state of hypocoagulability,




of 9' which became prolonged to 2 hours 24 hours later. However it returned
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The only patient who survived (septic abortion) had an initial clotting time

to normal values a few days later.

C. Acute Myocardial Infarction

Two p-tients had a prolonged clotting time up to 4 hours, in contro-

distinctions to 2 others who had an initial short ciotting time of 6 minutes

which became prolonged to 2 hours 25 minutes as the cprdioqenic shock

persisted.

Changes in Prothrombin Time:

A. Hemorrhagic Shock

Ten patients had normal prothrombin time. Six survived and 4 died.

The remaining 6 had prolongation of the prothrombin time (an average of 33%

normal). - One patient whose prothrombin time increased from 16' to 35° (22%

of normal) improved on trTa tment and his prothrombin time became normal,

14 seconds (100%;.
|
B, Septic Shock ‘

There were only 2

shrvived. The remaining

[
tients with normal prothrombin time, one of whom

tients demonstrated an average prothrombin time

* - of 34% aormal. The prolongation of the prothrombin time beyond 40% normal
was a bad prognostic sign, since all these patients died.
C. Myocardial Infarction
A prolongation of the prothrombin time was uniformly seen in patients
/ with myocardial infarctions ranging from 8 - 41% of normal.

In summary, the changes in fibrinogen, clottiig and pro(hrombin
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times produced by disceminated intravascular coagulation demonstrated

~ 1in more than 50% of patients in irreversible hemorrhagic, septic and

cardiogenic shock. These changes carried a bad prognostic significance.
However they could not be demonstrated in a large percentage of shé«;k
patients, despite the severity of the shock state,

Occlusion Studies

The successful oatcome of any study is in no small rrlxeasux;e dependent

upon experimental design. The controlled experimental study of shock in dogs

is a relatively simple undertaking. This is especially true since resuscitation '

of the shocked animal is not necessarily critical, By contrast, the study of

shock in humans i3 dghtfully limited and modified by the ultimate therapeutic

. goal - the successful resuscitation of a human life. There are how=zver,

certain clinical situations which allpw for controlled study of "reversible

shock” in humans. It is the purpose of this paper to report one such

*preparaton” and to present preliminary data which lends support to the thesis

that "shock® of a reversible nature exists in a limited body segment and is’

amenable for controlled study.

The extremities distal to the cross clamped aorta would seem to offer
an ideal situation for the study of reversible shock in humans, Mcre specif-
ically this "preparation” lends itself to the study of metabolic changes which
might occur in the periphery under conditions of anaerobic metabolism resulting
from decreased blood flow.

Following the induction of anesthesia but prior to aortic _aposure

the femoral vein of one of the extremities was exposed and control aliquots




1 4

(33)

of blood removed for study. To date these samples have been subjected

to analysis for pH, Hct., %O2 cat,, poz, pCOz, HCO3, CO3, SCQZ.

Lactates, Pyruvates, La/Pa ratio, and basic and acidic amino acids.

In addition the refractive index of the serum was determined and from this

index the total protein, total solid, pre cent total solids, water concentration

and specific gravity of the serum were determined. One half hour following

crot 3 clamping of the aorta and just prior to release of the aortic clamp . -

samples were removed and analyzed as above,

Immediately following

the restoration of flow, samples were again removed and sampling was

~ continued at 5 minute intervals thereafter for periods up to one-half an hour.

Eight patients have been studied to date as outlined above. An

additional putient who had a right iliac artery occlusion for 20 hours and

in whom it was possible to re-establish arterial continuity was studied

prior to and following the restoration of arterial flow. In one patient an

aliquot of RISA was injected into the right arm immediately following aortic '

occlusion and 2 cc. samples of whole blood were simultaneously removed

from the right arm and right femoral vein in the hope ihat this would furnish -~~~

us Mth a semi quantitative index of differential flow between the body seg-

ment above the occlusion and that below.

RESULTS

The results of the 1sotope experiment were as follows:

TABLE 1
Time fi. injection Arm
3 min. 7950 c/m
6 min. 5800 c/m
10 min, 5600 c/m
15 min, 5600 ¢/m

Leg

1200 ¢/m
clotted
3600 ¢/m
3616 ¢/m

Ratio (L/A)
15%

64
64

«
#
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The results of blood gas studies are outlined in figure 1, In
all patients studied there was dlstinct_{évidence of anaerobic metabolism
which occurred during the period of ijcyhemla. lactic acid and pyrﬁvlc acid
levels in the venous drainage from fhe extremity increased significantly
as did the La/Pa ratio, Per cent Oz saturation anq pO2 declined as did
pH values, . .

In these patients who had Dextran infusion (upppr extremity) during
anesthesia the degree <.:f anaerobic change distal to the cross clamped
aorta does not appear to be as great as occurs in fhose patients who were
infused s_vith Dextrose and Water during the operative procedure (Fig. 1).

The results of refractometric studies were omunéd in the ﬁevlous
progress report, | |

Generally the specific gravity of the serum, total solids and tota!l
protein of the serum sﬁowed variable degrees of decline in all patients
during aortic occlusion, Conversely, the water concey:tratiop of the
serum in;:reased during 'the same period of time, v

The most striking change in amino acids occurred in the plasma
levels of ethanolamine. In all but one instance there was an increase
in t_he plasma level of this amino acid during the "washout” period and the
rise in this ethanolamine was most pronouaced in the “wachout” samples
of the patient who ﬁad 20 hours of occlusion, ’i'hree subshnce;, phosphoserine,

glycerophosphoethanclaminerand phosphoethanolamine, all related to the

metabolism of ethanolamine were observed to increase in two patieﬁts.

None of these intermediates of lipid metabolism are n~rmally present in
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significant amounts in the plasma. The greatest increase in these
compounds are observed in the patient who likewise had the mtl:st
pronounced rise in ethanolamine, In this same patient there was a
decrease in the level of glutamine and an increase in the level of
glutamine acid and ammonia as well as a rise in aminobutyric acid
during thé "washout” period,

The changes observed in the blood from the lower extremity
parallel those which are known to occur in anh;nal shock preparations
and would seem to indicate that this “preparation” i{s a good one for
the study of metabolic changes in reversible peripheral shock in

human beings.
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Reversibility of "Reliactory Shock”

Patients who are considered’to be in a state of refractory
shock are being studied by the clinical shock trauma unit, This
study has been limited to those patients whose shock has not resulted
from the loss of whole blood but are in a form of geptic shock whether
this be from gram negative or gram positive crganisms. To date, all
of these patients have been admitted to the unit from other areas of the
hospital following a period of vasopressor therapy to which they have
evidenced gradually decreasing blood pressure and urinary output in
spite of increasing incriments of vasopressor drugs. All have been
eithér oliguric or anuric for varying periods of time preceeding admission
to the unit,

Each of these patients have demonstrated either acidosis, hyponat-
remia, hypovolemia or a combination of these derangements., Those who have
been hyperthermic have had their body temperatures reduced artificially
to either normothermic or hypothermic levels. Reduction to normothermic
Jevels has been the rule.

Systematic correction of hyponatremia, hypovolemia and correction
of pH combined with temperature reduction to normal has resulted in at
least temporary reversal of the shock state in all instances to date, dis~
continuation of vasopressor therapy, re-establishment of urinary output
and salvage of the patient in most instances.

| RERRERSSES.  N
The data on these patients is being collected and will be presented {n manu-

script form when a more sizable series has been accumulated,
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Serum Refractometric Changes in Shock
The accuracy of determining total soldis and water concentration

from measurement of refractive index has been well documented, The
estimation of total protein concentration of the plasma by refractometry

has also been advocated for years, In our laboratory we have utilized

refractometric techniques to study changes in serur specific gravity,

water concentration, total proteins and total solids in a variety of

hypotensive patients,

One hundred and ten (110) determinations have been carried out
in healthy fasting volunteers to establish control values for this laboratory.

Serial determinations have been made in 40 patients in "shock” from a variety
ot causes. In all patients in shock there is a fall in total protein, ttlatal solids
and serum speélﬁc gravity durlné the "shock phase” and subsequent to

recoverf from hypotension. Water concentration of the serum increased during > ’

the same period. As recovery; occurs these changes revert to normal over a
days. If shock becomes frreversible, there is in géneml a progressive -

pertod of

'

rise in serum water concentration of the serum are all significantly elevated

(average 95.5 gms./100 cc.) when compared to normal (average 93.5 gms./

fail in total proteins, total solids and serum specific gravity and a concomitant
100 cc.). Conversely specific gravity of the sera of terminal shock batients"w e

<

j17‘

averages 1.0214 compared to the normal of 1.0248, There is no doubt that some

of this change is istrogenic, The rate of Dextran, DgW etc. in seruxﬁ

refractive index change is currently being evaluated.

0
2 3
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Complete data on the ahove four studies are being prepared for
publication.

Renal Anoxia

While awaiting completion of the renal chemisty laboratory
the study of acute renal failure in dogs by means of temporary occlusion
of the renal artery bilaterally over a four hour peri . {8 now in progress.

In a series of 31 animals, the enzymatic alterations in ischemia of kidney

tissue have been analyzed:

A. Before clamping of renal artery.

B. Immediately before clamps were released after the
four hour occlusion pericd, |

C. One week later, if animal survived (3 anim;ls).

D. Before sacrifice, 6 to 12 weeks, when kidney function
of survivors had returned to normal or had become stat-
lonary (3 anirﬁals).

In 16 dogs the enzymatic response to temporary ischemia was analyzed
only after the.clamping period. No follow up ;tudles were done on these
dogs. Enzymes analyzed go far are ALD; GAPDH, GDH, GOT, GFT,
G-6-FDH, CDH, MDH, PCK, PGI, TIM. )

The final response to tempora:y ischemia (4 hours) of kidney tissue
in dogs showed & significant decrease in all enzyme activity except ALD.
The activity of this enzyme increased in most of the experiments.

Final evaluation and statistical analysis _will be done afte. a serins

of additional experiments, In this study blood content of tissue and enzyme
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‘activlty of whole blood will be determined. By this means, the total

amount of enzyme activity per gram wet weight will be corrected by
subtracting thg amount of enzyme Actiyity in the blood content of the
tissue,

Effects of 20% Mannito! on ;he Kidney

Our clinical experiénce with mannitol i' oliguria-anuria
following open heart surgery and resection of aortic aneurysm demon-
strated the protective effect of 20% mannitol on the k;dne‘;l in the prevention
of acute renal fajlure, This led us to the use of mannitol in patients in
shock with oliguria-anuria. Th2 charts of these patients are being reviewed

to evaluate the role bf mannitol in renal failure associated with shock.
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B. EVALUATION OF OHf, HYPOTHERMIA, AND
COMBINATION OF THE TWO AS THERAPEUTIC TOOLS

Previous work - Septic Shock: Gram negative coliform bacteremia
is the most common cause of septic shock in surgice. problems both
elective and fraumatlc. The protocol was designed in an effort to study
(1) the pathophysioclogy in this type of shock and ":) methods of manage-
ment, The experimental modely cqnslsted of randomized mongrel dogs under
chloralose anesthesia, Chloralose was selected since .thls agent does
not depress reflex mechanisms, ventilation, or cardiac output. The study
has been divided into thre= phases (1) control bacteremic shock (2) hypo-
thermia management (3) OHP a.t three atmospheres,

Experimental Moael: Bacteremic shock was induced by thé instillation
of a saline suspension of feces into the peritoneal cavity. One and a
half to three grams per Kg. was found to be effective in producing the
shock state within two to four hours after instillation. The shock state
in many respects resembles that observed clinically. Pertinent features
included the development of a hypotension accompained by a tachycardia

and a hyperpnea, The hypocension occurred at the time of flooding of the

blood stream by bacteria, The predominant organism isolated was E,

coli and this was usually in combination with other organisms including
streptococcus, pseudomonas, Aerobacter, The death rate was 88% with~
in four hours of the sepsis and 100% within six hours. Pertinent biochemical

features included a widening of the A-V oxygen difference to th.ce timee

- E .




2.4

[ 20
.

(41

tl?at of normal. The oxygen consumption was relatively changed or some-
what diminished despite the extreme hyperpyrcxia. A metabolic acidosis
developed characterized by significant lacticidemia. The oxygen content
of the arterial blood was higher than normal to the p. int of deatli., The PCoz
actually was iowe;red until just before deafi’x at which time it began to rise -

somewhat, but -ot to levels significantly above ' :seline,  Death was

characterized by a slowing of the heart rate and of the respiratory rate

showing evidence of breakdown of compensatory mecha;usms. At t‘hls ' R
time the blood stream was flooded with microorganisms. Hemoconcentration

developed, Blood volumes were done using PAH-I”]'. In every animal

the blood volume was reduced, due to loss of plasma into the peritonegl

cavity.

This preparation is similar to that observed clinically ir: the following
respects: (1) Mixed coliform infection (2) hypotension accompained with
tachycardia and hyperpnea (3) reduction in cardiac output (4) predominant
E. coli organisms (5) widening of the A-V oxygen difference and little
changbe in oxygen conshmption" (6) metabolic acidosis with lacticacidemia.

The coincident dropping of blood pressure with flooding of the blood stream

by microorganisms is a posiiive rei;atiorisﬁii) 'ilnci-'fhérshoélrt state becomés

progiassively worse as the number of bacteria in the blood stream increases.
The increase is due, not only to the actual entry of the organisms into the
blood stream but also to the progressive failure of host defense mechanisms,

Septic shock due to peritonitis is hypovolemic shock as demonetrated by
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the loss of plasma into the peritoneal cavity,
Similarity from the human situation include (1) the use of homoldgous

coliform bacteria, rather than autogenous. The former situation was

attempted in aninals py avulsion of the cecum. Pre. ‘sely the same
pathophy‘sioiogic picture developed but required 24 to 48 hours. The
ngmologous preparati ; 'Iwas decided upen becaur of the time factor

(2) there has been an ‘ncreasi_ng incidence of gram positive (staphpcoccus

a_ureus) invasion in peritonitis complicating the over~all picture. It

was not duplicated in these experiments,

Th.e pathophysiologic picture in these animals appears t? be
initiated by a réduced cardiac output likely due to decreased%venous
return. The decreasad venous return appeared to be due in p;rt to hypo-
volemia §nd in part to d’epressed peripheral vasomotor reilexe‘is. The net
result is a decreased perfusion to thé tissue as demonstrated’ by the
widening of the A~V oxygen difference. It is of interest to ndte that up
to the pbtnt of death this widening was progressive indlcatln'c!; that the
tissue was coatinuing ‘:té metabolize. Extraction of oxygen from the blood
was maximal under the circumstances of these studies, The compensatory
mechanisms of importance include tachycardia and hyperpnea which per« |
sists up to the point of death, Death was characterized by slowing of
the heart which preceded the slowing of the respiratory rate. ! The

measurements of the tachycardia i{s suggestive evidence that irreversi-

bility in these preparations was probably not central.
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.Hypothermia studies: This samz ..zparation was subjected to
hypothermia to 32°C after septic shock state appeared. On the average ..
survival rate was prolonged 2 1/2 times over that of the controls, It

is noted that no other therapy was administered to the animals, The

o>f the same magnitude as in the contrpl animals, The ctriking observation
of the effect of hypothermla physiologically was the inhibition of the
increase of A-V oxygen différence. Soon after the low temperature level
was reached, a stable period apparently developed which had been

established by the shock state prior to cooling., However, within six

to eight hours the progressive nature of the abnormal changes resumed
and all of the animals succumbed. The net effect of hypothermia then
is metabolic and one of delaying the eventual irreversibility, Thé con-
clusion w.ith regard to hypothermia is that it serves only as a temporary
stop-gap. .
The effect of hypothermia in these animals basically is the same
as that in humans, at least from the metabolic standpoint. However,
in other respects the response 1s entirely different. The pressor response
for example was absent in these animals as well as the urinary response,
OHP: A group of this type of preparation was subjected to OBP at
three atmospheres for two hours. The mortality rate was 100% and therg -

waz no increase in the survival time. The physiologic picture was

essentially similar to that of the control animals with one striking
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exception. During OHP the compersauniy tachycardia was inhibited and
the heart rate dropped to preshock ‘levels. The biochemical picture

demonstrated some temporary arrest in its progressive pathologic nature

for the first hour, but thereafter followed the palterr» ~f the control animals.

Again there 'was one striking feature in that the lacticidemia was much
worse in the OIlP dogs than in the controls, It i+ ~onciuded that in the
intact preparation OHP failed to alter the course of bacteremic shock, *

B, Comparison of OHP in three forms of shock. .

(1) 1.aumatic - rats were used and traumatic shock was obtained b‘y
drumming at a rafe of 40-_45 RPM on the Nobel-Collip drum, Approximately
800-850 turns resulted‘ in a severe shock state but with a reasonable
degree of survival. In the contrpl«animals the survival rate was less tﬁan
40%. In the OHP treated animals the survival rate was increased to 80%,

(2) Hemorrhagic Shock - The modified Fine preparation was used in
which the blood pressure was kept at' 30 mm Hg for 2 1/2 hours before
reinfusion. In the control animals survival rate was only 13% whereas

in the OHP dogs the survival rate was approximately 75%. For the effect

. of OHP on myocardial metabolism in hemoxrhaglc,shock,,see,appex.xdlx [e]

(3) Pulmonary Embolization - Studies in tissue hypoxia resulting from

massive pulmonary embolization treated with OHP continues.

DISCUSSION
In the three forms of shock traumatic and hemorrhagic responded

favorably to OHP whereas septic shock demonstrated no reéponse what ver,
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This poses some rather intriguing problems. The proposed unitarian theory

of endotoxemia as being cause of jrreversibility in all forms of shock

‘regardless of primary ideology may be subject to questfon as suggested

by these experiments. If endotoxemia had been responsible for irreve-
rsibility in all three forms of shock then there should have been no re~
sponse to OHé in the traumatic and hemorrhagic .ock dogs. The féct
that they did, does not negate the rolé of endotoxins {n shock state .at
some point, However, the matter of endotoxemia beln'g primarily respon=
sible for irreversibility will require more extensive investigation.

Another conciusion of these studies is that merely increasing the
availability of oxygen to the tissue is not the answer to the management
of shock problems, particularly septic shock, More deﬂnltivé therapy
is necessary as is generally appreciated., The role of OHP may well
be that similar to hypothermia; that is, adjunctive,

FUTURE PLANS

(A) Septic Shock: We propose to repeat the above studies this ‘time .
applying the established regimen in the nanagement of septic shock,
specifically appropriate anttbiosis, Also, in this regard it has been
demonstrated that OHP iunhibits the growth of gram negative organisms.
Since the septic shock animals under OHP failed to demonstrate any
significant degree of survival other factors with regard to OIiP in this

situation must be considered., One of the mechanical factors of import-
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ance is the transmission of pressurz fiom the skin surface into the perito-

neal cavity. The body resists very strongly any pressure changes and

- it is quite likely that while the concentration of oxygen in the peritoneal

cavity is elevated the accompanying pressure elevatton may be smaller,
Preliminary studies to date have indicated that while the chamber pressure
18 at ihree atmospheres, the pressure in the perit- 1eal cavity is actually
only one atmosphere, In effect then, what happened {n the previous studies
is simplyn that the high oxygen concentration was provic.ied to the organ-
isms resulting in a more luxuriant growth and likely an increased elabor-
ation of endotoxins. This appears to be borne out by virtue of the fact
that the biochemical picture in the OHP septic shock dogs was much
worse than that of the septic shock control dogs. In this Iine; future
studies are plannad in which the peritoneal cavity will be widely opened
after septic shock has becn induced and before the animal is placed
in the chamber. This will provide ior equilibration of the chamber rressure
in the peritoneal cavity. The clinical overtones of this activity might
be as follows: The treatmznt of septic shock in the intact individucl by
OHP may be to no avail. Howévér, emergenc& suigéry in acute”p'eriton—-
itis might be safer in an CH,P chamber.

Hemorrhagic shock and extracorporeal perfusion: It has Yeen pre-
viously demonstrated under our previous contract that the standard Fine '

preparation improved temporarily after one hour of total bypass, However,
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l " after bypasc was tiscontinued, all of the animals died. It is proposed
to use the modifiad preparation developed at the University of Maryland

and repeat these studies with a view toward obtaining long term

survivals. .

Additional information of both published and unpublished material

Section IV, Part B can be found in appendix D-.

R . . 4
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C. THE ROLE OF IMMUNO-BACTERIOLOGICAL PROBLEMS IN SHOCK‘

A comprehensive survey of immuno-bacterial defense mechanlsms in the
human during shock has been made in the past y- -. Llhis has been rep')rted.
The conclusions gaiﬁed from this study were that the human being is very
suséeptible to bacterial infection as a result of shock and the suscepti-'
bility lasts for a period of 12 to 18 hours, After successful resuscitation

24 - 48 hours later the patients will show a rebound reaction with a presumed
high resistance agal‘nst infection, altﬁough this has not yet been clinically
proven. The pattern of depression followed by rebound is slimilar to the
pattern which occurs when a marginally immunized individual is given a

booster shot. Initially after the booster shot there is a depression in the

amount of the circuiating antibodies and then this 1s followed by the

amnéstic response with a rebound. The similarity of this pattern and to

those noted in animals when they weire exposed to endotoxic shock has

prompted us to feel that the patterns observed in humans may be due to

the absorption of some noxious antigen., Surveying the liteiét;xre indicates “
that not only endotoxin can produce a depression in natural antibody, -

complement, and phagocytosis, etc. with a rebound reaction, but also su;:h

things as symozan can produce this. The next logical step is to investi-

gate the possibiiity of absorption of antigen and this has bee.. undertaken
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in two ways. The first method involves the obtaining of plasma from

patients in profound shock and the immunization of rabbits with this plasm ,

-~ —-paired with immunization of rabbits with normal human plasma.  Aftera -~

period of time, the rabbits are investigated for their bactericidal titer
against E. coli an& if this should be stimulated by the shock plasma but not
stimulated by the normal plasma, it would indic..e that there is an antigen
in the shock plas.mé whichA Ahés béen causing t.he pattéms thét we ;absenrl;dr
in the humans. Preliminary results 6n a geries of rabbits seém to indicate
that this is so, although this work is in progress and cannot yet be
considered valid. A second method will be to tes‘t the plasma directly

' by in vitro methods in the t'est tube for the presence of an antigen similar
to endotoxin. We are in the process of doing this by preparing a sensitive
inhibitton of hemagglutination test with endotoxigi that wé have prepared
from our own strain of E, coli, The test is just being developed and when
it i1s perfected we will begin to use it on the patients,

. (2) The studies that were mentioned previously involved phago-

cytosis by the peripheral polymorphonuclear leucocytes., Tven more

lmportanf group of phagocytes in the body involved in bacterial clearance
T

and in endotoxin detoxification are those of the reticuloendothklial system,

4-e5-the fixed phagocytes.-- Fine has shownthat the phagoc ftbs in the

spleen will ingest endotoxin and will digest, and metabolize it liberating
free radicactive phosphorus if the endotoxin has been tagged prior to its

administration. This means that the reticuloendothelial system not .:uly

removes the endotoxin from the circula_tion but alsc metabolizes and
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‘neutralizes it. Plasma which is obtained after passage through the spleen

no longer has endotoxin properties. To follow this up, we have begun to
lnvesugat; the reticuloendothelial system duﬂhg shock using radioiodinated
serum albumin which has been alkalinized and heat-treated so that it is
aggregated in molecular groups of 11, This preparation will then be: phago~
cytized by‘the reuculéegdothelial system as suown by Beﬁqaceraf and hie
group, but if it does nét cross the species barri.ers it will not be antigenic,
1.e., if human serum albumin is used, humans will not show an allergic :
response to this as shown by Taplin and V{agner and others who have used
this material. This is a safe preparation for use in humans and we are '
presently investigating it in the dogs during shock because it has never'
been studied during shock and there may be some untoward reactions., In
the dog's we have accumulated data which we are abput to publish which
indicates that there are two bhases of reticuloendothelial system function
alteration occuring with hemorrhage and shock., The first phase occurred
with hemorrhage alone when the dog is not in profound shock. In this
phase thefe is an inhibition of uptake of the albumin by the reticuloendo-
thelial system, i.e,. the phagocytosis is reduced. However, the
metabolism as measured by the release of free radiolodine or the re-
accumulation of radioiodh‘r'e' in the circulation, is not effective until shock
actually occurs, Once shock occurs, phagocytosis is decreased even more
but the metabolism is now decreased and this is fairly specific for the shock

syndrome, This would fit in with the findings that we found with ccriplement

wherein hemorrhage alone in the human will result in the decrease of
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comple.ment. but an immediate restoration after the patient is given blood.
If there is shock, the restoration of blood volumé does not result in a
restoration of complement until 12-24 hours later, The same seem-s to k;e
true of the reticuloendothelial system regarding metabolism, when shock
is added to hémorr}iage. We plan to get this datatogether within the next
month or so and submit it for publication and also to use it so that we may
begin to use the heat-treated serum albumin to study shock patients. Itv
will be impractical as we have found with the dog to try to follow the pauent.
during the resuscitation phase because the admin%stratlon of blood and fluids
which are necessary to save the patient will interfere with the radioactive
iodine study by dilution factors, etc.. What we plan to do }s to study the
patients immediately after they have been resuscitated and see if they have
a lasting effect on the reticuloendothelial system and how long this lasts,
In addition we hope to study volunteers with hemorrhage without shock.
Tm§ work on the RES system will complement the work we.have done on
complement natural antibody and phagocytosis by the peripheral phagocytes.
(3) The Shock Trauma Unit will be getting both an experimental

and a clinical hyperbaric oxygen chamber. We are, therefore, interested

in the bacteriological aspects of hyperbéric therapy. Members of this

group have shown the beneficial effects of hyperbaric oxygen on hemorrhagic
shock. In lieu of the presumptive evidence that we may be accumulating
for the role of endogenous endotoxin in hemorrhagic shock, we wondered

if the effects noted by Attar and his group could be due not only to beaeficial

effects on the host but also possibly to inhibition of the sources of endo-
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toxin, l.e., the fecal flors. As a result, we performed in vitro studies

o

using purified E. coli cultures as well as mixed fecal cultures and
comparing the results in an incubator at atmospheric oxygen with a result iy
at various time lntewa.ls under hyperbaric oxygen as far as growth cf ’
o baéteria is concerned. We found that hyperbaric oxygen cqmpletely
inhibits the growth of E. coli in a certain prepa: .lon wherein we poured
100 colonies ipto pour plates and compared them after eight hours of
hyperbaric oxygen. This is strictly a bacteristatic effect for the colonieg;
will appear onc‘:e taken out of hyperbaric oxygen. We wondered if this
would be of benefit in fecal peritonitis as we found a similar result with
mixed cultures. We., therefore, noted the results by ﬁlair as well as
some of our own results on hyperbaric oxygen. effects on feca& pedtomds

with septic shock and noted that there was little or no beneficial effect,

i.e., the animals died just as rapidly as did controls. We ran cultures on
these animals and found that they had a steadily increasing septicemia
beginning one-half hour to one hour after ‘nstallat‘on of feces;. We, there-
fore, wondered if the reason why the results we noted in vitrowith llnhibi-
tion were not of any value was because the oxygen ténsion in the perit;)neal
cavity where the bacteria were contained was not sufficient to produce

inhibition. We then studied the oxygen tension in the colon and the

A

oxygen tension in the closed peritoneal cavity and found that the oxygen
tension in the colon was in equilibrium with the tank, }.e., any bacteria in \
(" the colon lumen would be inhibited. The oxygen tension in cne peritoneal

cavity, however, was in equilibrium with the tissue never getting above 1 atm

of oxygen, even under 3 atm external environment for 4 - § hours, We thus
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x concluded that intercolonic bacteria would be inhibited, but interperitoneal
bacteria or bacteria that had 'made their way ln';o the tissues would not be, |
Inhibition of intercolonic bacteria may play some role in the beneﬁc;ial effect
. . on hemorrhagic Qhock. We then left thé peritoneal cavity open on the
animals after installation of feces and got a completely different picture
indicating the beneficial effect of hyperbaljic oxygen by its inhibition of
bacteria. Instead of a steadily increasing septicemia, there‘was a
septicemia which decreased and produced almost total clearance, or at
least partial clearance in a period of 3 - 5 hours after hyperbaric oxygen
treatment. The animals then went on with.this very severe preparation to
an increasing septicemia and died in eight hours as compared to five hours
for controls not treated with hyperbaric oxygen or wefe left ét room
temperature. This occurred in a significant group of dogs and is statisti-
vecally valid. We compared this with studies in fluid media in the rate of
growth of bacteria under hyperbaric oxygen conditions, and found that
there was a definite decrease in E. coli growth in brotl_n between 2 and 5
N hours which correlated'Wi'th the dog’s clearance in the blood stream. We
hope to apply this éunically when we get a tank by venting the peritoneal
cévii& of' vénuni;"trh'e abscess Acavitiési in case of fé&l 'b‘eﬁtdhiué andr using -
:; the hyperbaric oxyger"l not only to help the host withstand the effects of
shock more, but also to inhibit the bacteria directly. We»are devising a
method of venting the peritoneal cavity with a vent under local anesthesia
C which will ;llow relatively sterile technic and drainage at the same time.

We then wondered about the application of hyperbaric uxygen under conditions
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i s_uch as perhaps burns where the bacteria are bresﬁmably on the surface
of the skin and would be reached by the oxygen. We then surveyed ya’/large ’ e | RN
number of bacteria including staphylacoccus, pneumococci Klebsiella, A
pneumoﬁia, and‘pseudomonas pyocyaneus. In gener. !, we found that the
gram positive organisms were less susceptible to hype‘rb;arlc oxygen especlally
those whiéh actually resided in the upper respira -y tract. The effects of ‘ .
klebsiella and the effectS of pneumococci were minimal compared tc the .
;affects on E, coli, The same was true for staph, alth.ough there was lnhibi-
tion here. When it came to pseudomonas, however, we got a completely

different picture, i.e., for th,é first 3 - 4 hours after exposure, hyperbaric

oxygen and fluld cultures pseudonomas grew better under three atm. of oxygen

than it did under room tension.as opposed to all the other organisms. This

means that pssudomonas is resistant to hyperbaric oxygen and we believe

that this has been found by others. Therefore; its use in burns if pseudomonas
is involved would be of no benefit as far as iﬁhiblt.lon of the bacteria are
concerned. Further studies to clarify this before it is used clinically are
indicéted. We also intend to see if tﬁere are altérauons in bacterial

metabolism which result in alteration of sensitivities to antiblot.lcs as a

result of hyperbaric oxygen.

This encompasses our imhedlate plans with regard to the shock program

e

as far as rasearch protocol are concerned in the bacteriological section.

(See Appendix E }.
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D, EVALUATION OF & .iSTHETIC PROBLEMS
" AND AGENTS IN OHP

Study in this area is awaiting the installation of the OHP
Chamber, '
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_E. ANIMAL RESEARCH 1O FURTHER AUGMENT
'THE STUDY AND TREATMENT OF SHOCK

Enzyme Studies

With the possibility in mind to exped:.: routine examin-

~ ation of specific activities of enzymes in tissues, tests were done to

compare protein determinations by the colorimetri nethod (Folin-
Ciocalteu) by a spectrophotometric method (Warburg and Christian) and

by spectrophotofluorometry, It was found that brain extracts prepared

with distilled water would give good results both with spectropho’to—‘

metry and colorlmétry. Spectrophotofluorometric measurements deviated
from those obtained v;ith the other two methods. With ,1 molar phosphate
buffer as extracting medium good agreement was observed bet;veen spectro~
photometry, colorimetry and fluorometry. However, .since the calibration
curves for spe: trophotometry and fluorometry differed from preparation

to prepara':aane could use the colorimetric method for protein determin~

atiorns in orgah| extracts,

‘ Tests on survivorship of rats in drum shock were continued,

The tolerance;t shock increases when OHP is breathed. Since exposure
to oxygen above certain limits is lethal, fhese tests were continued and
it was found that a narrow margin exists here., A significant therapeutic
effect was found with three atmospheres OHP, The effect of two atmo-

spheres OHP and of oxygen of one atmospheres was small and was stat-
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istically not significant. The expzr ..ents for tolerance to OHP in shock

(57) ' 7.

animals are being continued.

Changes of enzyme activity in brain of rats in air and in
OHP control vs. shock. Aldolase is statistically significantly increased
in air. This increase is wiped out when OHP at three atmospheres ris
breathed but no change occurs at lower pressuras, G‘uéose 6~-phosphate -
dehydrogenase appears to be unaffectéd in shock with or without sub- e
sequent application of OHP. Diaphorase was tested \‘Nithout application .
of OHP and it was found that shock causes no significant difference in |
this enzyme." Avfew experiments were also done with lactic dehydrogenase

and malic dehydrogenase with DPNH as donor and they indicate that

“shock preparations show a decrease of these enzymes conﬁnhmg earlier

results obtained in this laboratory with dichlorophenolindophenol as .

acceptor. Because in these experiments diaphorase is supposed to act
as hydrogen transportinﬁ enzyme and since diaphorase is not affected , T
in shock these few experiment.s on lactic and malic Aehydmgemse with
DPNH as donor support our view that the activities of dehydrogenase aré
decreased a‘nd that the decrease cannot be ascribed to changes in

diaphorase.

The decrease of specific activity of enzymes could be

caused by increase in nonenzymatic protein in shock brain preparatlons.
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' study was made to determine the major effects of this drug on electrolyte
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or by structurai alterations in the dehyd .genase, Brain protein electro—'

'phérograms were made from controi and shock rats and dog indicate

possible qualitative difference between pattens with control and shock
preparations whose differing amounts of drumming were compared. The
shock preparations appeared to be optically more dense than those of

controls. There was a poorly defined, more rapidlv migr>ting peak on o)

the controls. This became progressively less disccrnible with increa'sing
amount of tum.bllng. These experiments are being continued wlFl? a new
~V. etrey hovatic technigue.

Chemotherapy in Hemorrhagic Shock.

Studies in hembrrhagic shock using trial chemotherapy are
continuring. To date, using our standard modified Fine technique, a
significant increase in survival ratz has been noted in animals pretreated ' i
with (a) quanidine sulfate, a potent anti-hypertensive drug and (b)

neomycln sulfate, an antibiotic to sterilize intestinal flora is restudied

“as a control for the coronary occlusion study of cardiogenic shock

(See "3" below).

Preliminary ~tudies of effects of d-aldosterone on hemorrhagic =~

) ghock has been reported in the Final Technical Report on the Origin -

and Utilization of Ammonia in Shock (DA-49-007-674). A more intensive ) i

balance, metabolism and blood gases in the normotensive dogs and dogs

subjected to hemorrhagic shock. (See Appendix F)
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Cardiogenic Shock.

With the possibility in mind that sterilization of the gut

would increase the survival rate of dogs subjected to massive coronary

occlusion and resulting infarction, pretreatment wi... neomycin sulfatz

was administered. On a percentage basis, twice the number of pretreated

dogs survived as compared to the control dogs.

" Utilizing the same technique of coronary ‘occlusion aido-
sterone was studied as a‘ means of increasing the survival rate.’ Dogs '
pretreated with aldosterone 26 minutes pre-occlusion resulted in a 100%
mortal'ity. Those infused with aldosterone immediately post-ligation
ali survlvepl. This study looks most promising and is being pursued

with Interest. (See Appendix G) ' e
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SUMMARY SO

PATIENTS STUDIED - SHOCK TRAUMA UNIT

patients admitted to study prior to 3-14~63 37

patients admitted to study subsequent to 3-14-63
Patlents admitted to unit tor control studies . 10

patients studied as controls ~ Not admitted to unit 129

Total : . ' 240
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V. CRITIQUE

The University of Maryland School of Medicine ".3s been awarded
by United States Army Contract No., UA-49-193-MD-2229, dsted January 1,
1962, funds for initlation of a study of shock inmi. . This w?s the first |
such award made by an Armvy contrac;;; - o o

Almost all of the experiential problems relevant tc; this prégram seem
to have evolved from two major factors. ﬁese factors are (1) original nature
of the study (a sclentific study of shock in man), and (2) unpreced'ented design
of the study.

The above factors which have allowed freedom for creative research
hava also }m'posed problems in organization and programming. Guidelines
appropriate for management or r_eaolutlon of these problems were unavailable

since none had been established previously.

Architectural Renovations:

Architectural renovations were necessary in order to provide space and
facilities for conducting the study.

Because clinical patient areas had to be converted into essential shock
laboratories, an existing hospital bed shortage.was further compounded. An
ideal area for the study could not be established until additional space was
provided. This space was subsequently designated in the Third Floor Bressler

Building for future occupancy by February 1963. However, the uiorementioned

space did not actually become a_vail-able for occupancy until November 1963.
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The reestablishmerit of some laboratories ircm the hospital to the Bressler
area has eventuatad in a general overall'improvement. Completion of the
moving phase, in transition at present, is expected to result in further
improvement.

The clinical shock laboratories loc_ated in the hospital were not completed
and made active until March 1963. During the ab¢ "~ mentioned interv.al,
makeshift studies were carried out in the wards of the surgical floors. These
studies were pilot in nature and in many instances wer; hampered by
immobility of either the shock patients or the necessary equipment to conduct
studies at the patients® bedside.

Inadequate Numbers of Personnel

In the beginning, there were inadequate numbers of persémnel available
for the scope of the study projec*. T‘his shortage was demonstrable in all
categories: scientists, technicians and.nurses. Fhe training of unqualified
technicians and time spent searching for qualified personn:! partially diverted
the research effort.

Improving the caliber of the supervisory cadre has now rewarded the
Unit with a competent staff of technicians supporting a complex shock labora=-
tory on a 24 hour around-the~clock basis.

' WSinc:e September 1963, the nursing staff has finally stabilized. ~ Previous °
to that time there had been little stabilization since many nurses interviewed
for the program felt that their background did not equip them to handle such

critically ill patients. This problem has been solved by presei.lug a series

of lectures on trauma and shock, as well as entering these nurses in our
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. techniques of acute patient caré; resuscitation procedures and monitoring

available for their employment. Employment of a physiologist is essential,

(66)

cardiac surgery nursing program wherein they are taught the various

techniques. Interest has further beenAsumulated by allowing these nurses
in their {ree time to enter an electronics program 80 Li.at they will be kattor
equipped to handle and control thg monitoring devices.

Professional personnel in the quality and ty_-. : required has posed
qrnt' difficulty. - Qualified scientists interested in cur.ucal shock research
are scarce. Most llcientlsts of the Ph, D. ievel are already oriented along
certain lines and it is difficult to request their aggistance in an alien fieid.
Competition \_Nlth lucrative industrial positions furth;r hampers recruitment
of desirable people. We are pleased to report that Dr. Sadayoshi Hashimoto,
a surgeon and biochemist, will again rejoin our staff before the. year is out.
The loss of Dr. Gerhard Laudahn, who returned to Germany, was an unexpected
setback. Unforeseen events such as this have hampered the biochemical
Tw

protocol, Active proselytizing in the Ph.D. biochemical field has made

available two qualified men interested in shock, providing resources are

Inadequate Funds

Renovation of old laboratory areas and the establishment of new
laboratory areas has necessarily diverted funds channeled for other uses.

It has been necessary to further acquire funds for additional renovations

through private resources, These deficits, to some extent, futther compro-

mised the Unit in that established laboratory areas could not ve fully
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utilized until delays in fundiny and contracting were overcome in order
to establish the new areas previously described.
One important phase of the shock preogram will soon be inlua‘ted

since funds have been made available anc} contracting bids let fbr instaliction

“-— -~ . of the research hyperbaric experimental chamber this coming year (January 1964);

To summarize, the deficiencies in space, person‘.nel and funding have
been outlined. Many of thése problems have been solved and much progress
has been made in attaining a successful operating ~linical shock unit. We
now l.lave a substantial flow of shock patients. Some monitoring equipment
has been installed and nurses and technicians have been traingd in its
operation, Shock.informatton 18 now accumulating and we hope that valuable
data will'ensue. We are adding mere complex studies as the unit progresses,

The described deficiencies and problems already encountered seem
inevitable in this new type of hospital operation. We feel justified in
looking forward to the year ahead. when the progress made so far can be

expanded successfully to carry out the functions of the protocol called for

by the contract.
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THE PATIENT MONITORING SYSTEM FOR THE
CLINICAL SHOCK UNIT

One of the major demands of any research protoc .l is the colleciivn
and storage of data in a format that will permit rapid recall and display as
well as easy reduction and calculation. In the clir al research unit of the
Shock study, the patieﬁt monitor system used to collect research data must be
éapable of providing an indication of the patient's condition at all times.
| The monitor.system to be used in the Cll;xical Shock Unit will provide
a continuous indication of the condition of the patient and accumulate data
on phenomena occurriné in conjunction with shock. An alarm system capable
of alerting hospital personnel, automatically by radio c'ommuniéation when-any
one, or cor_nbmation, of eight patient events deviates from present limlts; will
be attached to the unit. The entire patient monitor system will be coordinated
with additional equipment used for computer handling of the data. This
additional equipment will include a tape recorder and an analog to digital
converter and will De incorporated at a future time.,

The patient monitor will provide four output displays. An eight channel
oscilloscope a'nd an eight channel pen recorder wiil display and record such
events as ECG, EEG, pressure wave patterr:s, heart sounds and similar AC
events. A twelve channel, multipoint null balance recorder and eight panel
mounted meters (alarm meters) will record and display data such as pulse

rate, body temperatures, respiratory rate, and blood, respiratory gases and

. urine chemisties.
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Inputs to the . it onitor will be located at these major parts

of the system, Jundc'iun boxes will be located onthe patient's bed fqr connect-
ing the required patient transducers to the syétem. " A cable carrying all of the
patient signals will connect the mounted junction boxes on the bed to an
appropriate input connector located on the wall near the patient's bed. This
will permit the patient's bed to be moved to any point in the hospital where an

input connector is located without removing any of the transducers, such as ECG

leads or pressure gauges, from the patient, Signals from these transducers - : /
will enter the monitor at either the multipoint recorder ¢r at the input couplers ""‘
of an eight channel pre-amplifier, depending upon their component frequencies.-

A second data entry point will be located on the rear of the twelve channel

multipoint recorder and alarm meter panel. This entry point will receive signals
from pH meters, CO3, O and similar gas or chemical analyzers. Patient
signals such as temperatures will also enter at this point via the bed mounted
junction boxes. Tachometers and integrator circuits_wul be attached to the . R
pre-amplifier outputs to provide heart rate, mean pressure, etc., to be ‘ » ]
entered at the meter-multipoint recorder inpit . The third location of quqrmation 7 ; .
entry will be on the front of the multipoint recorder and will receive coded .

information concerning the treatment given to the patient and other pertinent ' ‘ .
comments entéred by the personnel in the Trauma Unit andwill print directly ' _ . '.
on the record containing the patient's condition, as i{ndicated by. the multipoint .
recorder. This part of the system requires the use of the IBM electric

typewriter discussed below.
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The Hoheywell Electronik !3s .s a null balance, twelve channel
recorder.| Its purpose in the patient monitor will be to record slow changing

events such as heart rate,' respiratory rate, body temperature and body

chemistries. This unit will print one channel eve~' 30 seconds or svery S zeconds,
{switch s«Llectable), thus éyclinq all twelve channels every 6 minutes or every
minute. | Normally, the paper speed will be eit' > 5, 10, 15 and 20 incaes

per hour, jor 30, 60 90 and 120 inches per hour depending on the print cycle

speed listed above, In order to correlate the information on the Hone.yweu

chart withg’ the data recorded on the eight channel pen recorder with régard to ' "
time of evignt occurrence, a printer which autorﬁatically stamps the date and

time on thfie recording paper, will be attached to both recorders. Thg Honey- i

well Elect%onik 15 recorder was selected for this system becaus.e of its

accuracy, ]linput characteristics, paper calibration, size and competitive cost. .
Thet IBM " Selectric" typewriter was xncor;;ofated in the system because L

it has no néovmg carriage. This is essential since the paper coming from the

mult.!-chanipel print wheel on the Honeywell recorder will be fed into the

typewriter Zand from the typew:.'ite'r back to the take-up reel of the Honeywell

recorder. EUsed' in this 4capac1ty, the IBIM typewriter becomes an electronic

l : '
printer capable of printing a code concerning patient treatment dlreqtly on

|
the record paper, which contains the information on the patient's response
to that trealment. The IBM will alter the accuracy of the Honeywell paper
speed. S}lhce the time and date vrill be printed directly on the record paper,

this will not be detrimental tb the system. Some minor modificaticns il

- be necessafy to the face plate of the Honeywell recorder and the IBM typewriter

'
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will have to be adjusted so as not to clamp the paper. These modifications o '

‘can be done here at the hospital and will not render either the recorder or typewriter

useles< in their normal cabacmes.

A'Sanborn Monitor Scope, Model 769, was seAecied iorwus‘e ‘;s :.ﬁe ‘
eight channel oscilloscope sequired by the patient monitor because it provided ”
the greatest display area at the lowest cost, and .ould be iocatéd at a remois: |
part of the Trauma Unit, where it would not interfere with the normal activity
surrounding the patient. The viewing area measures 13 inches high and 10
inches widé. A laminated polaroid filter in front of the CRT face prevents .
reflection and serves as a safety glass. The simplicity of the circuitry employed :
will enable the scope t§ provide trouble-free displays.

Most of the electronic equipmént will be housed in the console contain- ¢
ing the eight channel pen recorder. The equipnent manufactured by Offner was
chosen for several reasons. The pen writers provide multi-color ink and . ;
rectilinear writing in a relatively small space. This will allow the outputs
to 1.2 color coded, immediately displayed in a linear i‘orm and recorded on a :
medium which is less expensive than any other available. The Offner pre- . .
amplifier system was selected, independent of the pen recorde?, because it
provides the grectest flexibility consistent with a high degree of accuracy
and small size. The function of any preamplifier can be changed by changing
its input coupler. The input couplers cost an average of sixty dollars.

Other types of systems would require the changing of complete channels
c osting several hundred dollars.

The alarm meters are manufactured by International Instruments.
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~ . They were selacted because their geometry provides the greatest amount of
indication {n thc smallest amount of panel space. Two levers on the meter N

are uscd to set the limits for the ev:nt being monitored. If the meter pointer

o goes outside of these limits, relays are activated which trigger an alarm system.

The alarm system consists of audio-visual alarm devices on the patient

monitor panel and a radio transmitter which transmits the alarm to six pocket

sized radlo recelvers carried by hospital personnel. - The alarm system can be

wired to five when any one event or any logical series of events deviates from
the set limits. The alarm transmitter can also transtpit a 500 cycle tone needed
to trigger the alarn; receivers when any pulse shaped event, such as a pressure
pulse or ECG, occurs.
‘The alarm trénsmitter which p@ides an amplltudé modulated carrier

of 27.255 megacycles was designed and built in the hospital's electronics
laboratory and is capable of delivering 30 watts of power.,

T ' Ail of the mujor equipment necessary for the patient monitor

system has been purchased wlti\ the exception of the Honeywell multipoint

recorder and the Offner pen recorder, Purchase of these items has not yet

§<

received approval of the granting agency for the Shock Research project. The

patient monitor system will be operational withir. thirty| days after the delivery
‘ .

of these two components.

s
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. surgery(n Eight such patients have been studied in this manner.

P 4

STUDIES OF AMINO ACID METABOLISM DURING SUBLIMINAL PERFUSION
[

'-ﬁmlno acid analyses carried out in this laboratory have been directed
toward a quantitative description of clinical shock in terms of/ximpalred cellular '
metabolism. Our initial efforts have been the designing of an in @ model
'for the .study of cellular metabolism during subliminal perfusion.
During sﬁrglcal occlusion of the abdomln'al.acrta, immediately below the
. rénal artery, the impaired perfusion of the lower extremities distal to the occlu-
sion site provldés an ideal preparation for the study of anoxic muscle metabolism
relativeiy independent of systemic physiological response, Accorﬁingly, we
have undertaken the amino acid analysis of plasma obtained from the femoral
veins of. patients unqlérgoing abdominal aortic occlusion in the cdur_se of their
The amino acid ahalyses ‘were carx;ied‘out on a Beckman Model 120-8B
Amino Acid ‘Analyzer. The amino acids whlf:h were determined are listed in
Table I. Also listed in Table I are several other métabolltes which were
determined along with the amino acids due to their ninhydrin color reaction.
Plasma tryptophan was not assayed because it is unstable under the conditions
employed in the preparation of plasma for amino acid analysis. Asparagine

and glutamine are eluted as a single component in thé analyzer. Therefore,

the values obtained for glutamine are to be taken as the sum of asparagine
and glutamine concentrations., This does not lead to a serious error, in that
asparagine has been reported to be present in human serum at a level of only

0.04 um (1) whereas glutamine is present at a level approximately 14 times L
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as great, 0.57 um. The techninue of sgmpling consists of exposing the
frrrral vein at the time of laparotomy for patients undergoing abdominai
aortic surgery. During the suryical procedure, 30 cc aliquots of blood are

taken from the femoral vein in the following sequence: i, During anesthcsia,

aftef femoral vein cut down, 1I. One-half hour after aortic occlusion, 11,

Immediately before aortic clamp is released, IV. Lt Jiately after clamp
is released, V. Five minutes aiter release, VI_. Twenty minutes after

release, VII. Sixty minutes after release, and Control - brachial artery.

The plasma levels of most of the amino acids determined by us are in close

agreement with the valugs reported by Siein and Moore(l). Our values for
methionine, isoleucine ,. and .phenylalanine are somewhat higher than those
reported by these investigators. Several of the metabolites lls;éd in Table
I were n.ot found at a significant level in the pre-occlusion plasma samples,
In most cases their presence is indicated by only a slight deviation in fhe
otherwise linear base-line. This may be secondary to anesthesia. Normal
plasma studies are being determined to track down this discrepancy.

Amino acid analyses were performed on eight pre-occlusloﬁ plasma
samples. The values obtained are shown in Table II. . The quantities are
tabulatéd as mi.cromoles of amino acid/3.3 ml of plasma since the pre-
paration of plasmq for amino acid analysis is such that the amount of the
final preparation analyzed represents a 3.3 ml aliquot of the original plasma.

This volumz, therefore, was used throughout these studies as a matter of

convenience.
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' \l‘he results of these occlusion analyses are tabulated in Tables III to

VNI énclusive. An increase in the plasma level of ethanolamine during

washout was observed in five of the six cases studied and was most pro-

noenced in the first case (Bush), which was a 20 hour oc.lusion study.

Three metabolites metabolically reiated to ethanolamine were also determined

by the amino acid analyzer. These are phosphoserin glycerophospho~

ethanolamine, and phosphoethanolamine. None of these intermediates of

lipid me‘tabousm are normally present in plasma at levels exceeding 0.01
micromole per 3.3 ml. It is interesting to note that the levels of these
metabolites increased slgnlficantiy during washout in two of the cases studied
(see Tables III and IV) and that the most significant lndease was found in

the case with the most pronounced rise in plasma ethanolamine, A This case
also revealed a decrease In the level of glutamine amd an increase in the

levels of glutamic acid and ammonia., The level of aminobutyric acid was
also elevated during the w;shout.
34

f

5( which occur as a result of subliminal perfusion. The must apparent

n the plasma amino acid levels of each of the patients studied was

e patients in clinical shock have been studied with regard to

mino acid levels in an attempt to relate these findings to metabolic

change

change

ﬁ a decrease in the level of total plasma amino acids. Increases in total
’ plasma amino acids have been reported in the literature, presumably as

a result of extravasation and the accompanying hemoconcentration. It is

not clear how such a mechanism might increase the levels of circuiating
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amino acids.» On the contrary, the elevated levels of catecholamines which
have been reported in clinical shock shoul_d brinq about, vl_«a adrenocortical
hormone release, an increase in gluconeogenesis, thus lowering the level

of circulating amino acids. The narmal plasma level of total amino acids

in micromoles per 3.3 ml, was found to be 10.8 + 1.6, This value representé- ‘

the sum of the concentrations of all of the mctabolit=s ilisted in Table I with
the cxception of urea and ammonia, the concentrations oi' which were found
to be so variable in the patients studied that they interferred with the
interpx;etatton of the more subtle changes observed in the concentrations of
the amino acids. The range of total plasma amino acids in the patients
studied was 3.8 to 8.4, all significantly below the normal range,

Another change which was observed in each of the patients .studled was
a decrease, relative to the total amino acid concentration, in the level of

glutamine and an increase in the relative level of ammonia., Since anaerobic

" metabolism is associated with a rise in the plasma levels of organic acids,

principally lactic and pyruyic, the resulting aﬁidosls would be common
to al.l of the clinical shock patients, regardless of etiology.

The . primary function of renal glutaminase is conservation of the alkali
reserve. (glutamine- ~ - - - 4 glutamate + NH:). The regeneration of
glutamine i{s endergonic, requiring ATP as the energy source. During anoxia
the limited supply of ATP probably prevents significant regeneration. For
this reason the ratio of plasma ammonia to plasma glutamine concentrations

serves as a measure of the physiologic response to the acidosis of anoxi..
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“he value of thic vatio in the normal plusina samples was found to be
0.1°-0.02,

.athe th:c;: diicts studled the ratios were 0.53 (Wilson), 0.36
(Willis~3), ani 0,57 (Whltford_). The significance of tl.. ratio.is more
apparen: wher. on. considers that the highest ratio (0.57) was obtal;ied
from a patient whose plasma ammonia level was norn- | (Whitford)

{0.40 um). Thus, this method of measuring the compensatory mechanism
for conservation of the alkall reserve seemé td be relatively‘ independent

of the activity of the Krebs-Henseleit cycle for detoxlfiéation of ammonia _
and the efficiency of renal function in the clearance of urea. The lev;l‘s

of plasma urea in these &ree patients ranged from somewhat below normal
{Williams = 10,8 um) to uremic (Wilson = 158,4 um), with an ele;/ated urea
level in the case of Whitford, 32.0 um. The .normal urea level was found to
be 13.6+ 0.4 um/3.3 ml plasma,

A number of changes in plasma amino acid levels were observed in these
patients which reflect the lndividuz;l etiology and response to shock, For
example, in the case of Wilson the most notable changes besides uremia

and azotemia (reflecting renal fauu_re) were a significant relative decrease

in the level of glucogenic aminé acids, particularly aléﬁ;é and glyclr;e
This can be ascribed to an accelerated gluconeogensis in response to ACH
elaboration. Also noted in this case was a relative increase in the plasma
levels of taurine, valine, and phenylalanine. Relative increases in plasma

taurine and phenylalanine was also noted in the case of Whitford, ;.so




A
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noted in the Whitford pla’éma was a significant relative decrease in the level

of proline. These changes-a}e not clearly understood and require further
study.

The 'ca;e of Willlams {5 particularly 1ntere§t1ng‘, in Lat it represents : ;
a relatively uhcompllcated case of hypovolemic shock resulting from acute
extravasation. The most pronounced change in this pi ant's pla;f.ma was

a significant relative decrease in the level of alanine, probably reflecting o

a gluconeogenetic response to ACH, accompanied by accelerated trans~

‘amination to produce pyruvic acid in compensation for tissue amoxia. (alanine >

+ alpha-ketoglutarate - - - % pyruvate + glutamate). This mechanism is
fu&her supported by therbservatlon of a relative increase in the piasma
llevel of glutamate. The relative decrease in plasma serine and increase in
plasma glycln-e sugyest an acceleration of the hepatic serine hydroxy-methylase o
feaction: (serine + tetrahydrofolate - -~ - - » glycine + lhydroxymethylltatra-

hydrofolate.) Such a mechanism could increase the pool of one-carbeon . ) N \
units and bring about the slight relative increase noted in the plasma lével

of methionine. ':I'he plasma level of ethanolamine was significantly increased

in this patient, constituting 2% of the total plasma amino acids on a molar e
basis. This metabolite is present in normal piasma only at very low levels
and possibly repr;esents the hepatic catabolism of serine: (serine - - - 3

2 aminoethanol.) The decréased relative levels of tyrosine and phenylalanine
possibly reflects the renal mobilization ¢ *}.2se amino acids for cate- &
Lholamine synthesis,

The results of the plasma amino acid analyses on clinical shock

patients is presentéd in Table IX. . . '
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TABLE 1

Alanine
Alpha-Amino;-n-butyric Acid
Ammonia
Arginine
Citrulline

1/2 Cystine
Ethanolamine
Glutamic Acid
Glutamine
Glycine
Histidine

Isoleucine

"¢

L 3

Leucine
Lysine
Methionine ‘
Omlthilne
Phenylalanlne
Proline
Serine
Taurine
Threonine
Tyrosine
Urea

Valine




? TABLE 11

Z4£

PLASMA AMINO ACIDS*

u moles 3/3ml plasma

SUBJECT - ) #2 #3 #4 #5  #6

Tautine 0.i3 0.13 0.19 0.24 0.17 0,24
Urea 14.00 15.85 14.80 (25.02) 18.65 1€.34
Threonine 0.41 0.42 0,37 0.46 0.32 0.33
Serine 0.32 0.41 0.33 0.22 ---- 0.28
Glutamine 2.31 2.22 1.61 {1.04) 2.08 2.2}
Proline 0.47 0.40 0,41 <eee =ee- 0,52
Glutamic Acid 0.16 0.11 (0.05) 0.20 ---- 0.13
Ci trulline 0.14 o.10 {(0.05) 0.14 0.10 0.07
Glycine 0.64 0.84 0.72 0.90 0.76 0.63
Alanine 1.09° 1.28 1.17 1.30 1.22 'l.61
Amino butyric acid 0.05 0.06 0.05 0.10 {1.24) 0.05
Valine 0.85 0.84 0.75 0.82 0.78 0.86
1/2 Cystine 0.07 0.07 0.13 .08 (0.20; 0.11
Methionine 0.21 0.23 0.28 0.26 0.32 0.17
Isdleucine ‘0.39 0.42 0.47 0.46 0.54 0.35
‘Leucine 0002 0.01 0.01 0.04 0.02 0.01
Tyrosine V.24 0.16 0.22 0.24 0.26 0.14
Phenylalanine 0.21 0.17 0.26 0.20 0,27 0.14
Ornithine 0.16 0.13 0.09 0,32 0,09 0.12
Ammonia 0.40 0.44 0.36 0n.62 0.24 0.65
Lysine 0.59 0.54 0.48 0.64 0.34 0.46
Histidine 0.24 0.24 0.18 7 20 0.12 0.18

Arginine 0.33 0.24 0.18 0.16 ---- 0,23

* Samples drawn nre-Abdominal Aortic Occlusion

#7 #8 Ave.
G.18 0.17 0,1R
10.91 13.93 1l5.19
0.27 0.33 0.36
0.26 0.32 0,21
1.61 2.30 1.92
0.51 0.48 0.46
(0.06) 0.08 0.11
0.08 0.08 0,09
0.58 0.57 0.70
0.83 1.07 1.20
0.04 0.03 0.20
0.49 0.69 0.76
0.08 0.10 0.10
0.16) 0.17 0.22
0.18 0.34 0.39
0.03 0.02 0.02
0.11 0.15 0.19
0.10 0.17 -0.18
0.13 0.18 Q.15
0.30 0.48 Q.44
0.34 0.48 '@.u8
0.14 0.15 0.n8

0.17

0.24

0.22

Vil I L
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TAB. . U
AMINO ACID STUDIES

ABDOMINAL AORTIC OCCLUSION

Date: February 5, 1963

Patlent: Bush

#I #11 #111 U A W
Phosphoserine --- 0.03 0.11 0.04 0.04 ---
Glycerophosphoethanolamine --- --- --- 0.02 --- - -
Phosphoethanolamine --- --- 0.02 0.02 ~-- - -
Taurine 0.19 0.08 0.17 0.18 0.21 0.03
Urea 14,80 15.47 14.67 15.47 12,93 25.87
Methionine Sulfoxides --- 0.02 0.01 0.01 0.02 0.01

Aspartic Acid -- --- --- 0.02 0.0l 0.01

Threonlne 0.37 0.11 0.26 0.29 0.12 0.20
Serine 0.33 0.17 0.26 0.21 0.19
Asparagine --- --- 1.29 —-- - ---
Glutamine 1.61 0.76 1.40 1.17 0.96
Sarcosine --- -=- --- —-= === 0.06
Proline 0.41 0.43 0.56 0.54 0.37 0.30
Glutamic Acld 0.05 0.12 0.14 0.11 0.08 0.03
Cltrulline 0.08 0.03 0.04 0.06 0.05 0.04
Glycine 0.72 0.28 0.55 0.60 0.53 0.32
Alanine 1.17 0.39 1.10 1.14 0,93 0.77
a-Aminoadipic Acld - - 0.04 0.04 -==- 0,03 ---
a-Amino-n-butyric Acid 0.0§ 0.14 0.11 0.17 0.06 0.04
Valine 0.75 0.35 0.53 0.65 0.53 0.81
Half Cystine 0.13 0.02 0.05 0.09 0,05 0.05
Methionine 0.28 0.12 0.17 0.17 0.17 0.17
Isoleucine 0.47 0.17 0.35 0.40 0.34 0.40
Leucine 0.01 0.004 0.0l -=~- 0.01 0.01
Tyrosine 0.22 0.09 0.15 0.17 0.14 0.17
Phenylalanine 0.26 0,14 0.23 0.23 0.2 0.22
B8-Aminoisobutyric Acid --- --- --- -== (.04 ---
y~-Aminobutyric Acid -~ 0.05 -=- e === ---
- Ornithine 0.09 0.05 0.08 0.06 0,06 0.11
Ethanolamine 0.09 0.27 0.14 0.45 0.1l 0.03
Ammonia 0.36 0.41 0.62 0.52 0.42 0.29
Lysine 0.48 0.17 0.37 0.39 0.34 0.27
Histidine 0.18 0.08 0.14 0.14 0 4 0.11
Arginine 0.18 0.04 0.13 0.12 =«-= 0.0




Date: February 2, 1963

Patient: Newcomer

Phosphoserine
Glycerophosphoethanolamine
Phosphoethanolamine
Taurine

Urea

Methionine Sulfoxides
Aspartic Acid
Threonine

Serine

Glutamine

Proline

Glutamic Acid
Citrulline

Glycine

Alanine

a-Aminoadipic Acid
a-Amino-n-butyric Acid
Valine

Half Cystine
Methionine

Isoleucine

Leucine

Tyrosine

Phenylalanine
B-Aminoisobutyric Acid
Ornithine

Ethanolamine

Ammonia

Lysine

* Histidine

Arginine

-3

TABLE IV

AMINO ACID STUDIES

ABDOMINAL AORTIC OCCLUSION

#
0.01

0.12
12.51
0.02
0.01
0.23
0.11
0.52
0.49
0.10
0.07

0.08

u moles
#11

0.30
21,2
0.05
0.007
0.45
0.54
1.37
0.80
0.11
0.09
0.87
1.86
0.24
0.07
0.58
0.001
0.18
0.33
0.047
0.20
0.19
0.019
0.28
0.01
0,34
0.56
0.22
0.18

#I11

0.04
0.06
0.37
19.57
0.01
0.01
0.42
0.58
1.95
0.77
0.21
0.09
0.83
2.42
0.27
0.07
0.70
0.16
0.17
0.39
0.04
0.20
0.22
0.02
0.26
0.05
0.59
0.56
0.24
0.18

v

0.005

0.23
12.52
0.03
0.01
0.22
0.24
1.35
0.4C
0.07
0.05
0.46
1.57
0.07
0.03
0.44
0.40
0.10
0.22
0.02
0.11
0.19
0.14
0.02
0.30
0.34
o. l‘
0.09

w
0.01

0.37
21.11
0.03
0.01
0.34
0.36
1.97
0.60
0.14
0.09
0.78
2.14
0.16
0.06
0.72
0.06
0.17
0.40
0.03
0.19
0.21
0.21
0.04
0.60
0.54
0.21
0.15
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Date: February 2, 1963

Patient: Peylon

Tauﬂne
Urea

. Methionine Sulfoxides

Aspartic Acid
Threonine

Serine

Glutamine

Proline

Glutamic Acid
Citrulline

Glycine .

Alanine .
a-Amino<n-butyric Acid
Valine

Half Cystine
Methionine
Isoleucine

. Leucine

Tyrosine
Phenylalanine
Ornithine
Ethanolamine
Ammonia
Lysine
Histidine
Arginine

TABLE V
~ AMINO ACID STUDIES

ABIX)NHNAI.AORTK:(XJCLUSKJN-

M

0.17
18.65
0.01
0.01
0.32
2,08
0.10
0.76
1.22
1.24
0.78

0.20

'0.32
0.54
0.02

-0.26
0.27
0.09
0.01
0.24
0.34
0.12

#1

0.19
20.67
0.01

0.52
2.64
0.49
0.06
0.09
0.84
1.57
0.10
1.13
0.27
0.41
0.73
0.03
0.29
0.34
0.18
0.03
0.50
0.97
0.22
0.31

#I11

0.19
18,72
0.01
0.02
0.50
2.41

0.10
0.84
1.47
0.25
0.80
0.34
v.38
0.72
0.03

v

0.17
18,29

0.48
0.51
2.44
0.44
0.05
0.08
0.77
"1.38
0.08
1.08
0.25
0.37
0.74
0.03
0.27
0.33
0.16
0,008
0.41
0.72
0.22
0.30

W

0.18
21.08
0.45
0.43
2.41
0.44
0.13
0.09
0.78
1.39
0.08
1,20
0.11
0.21
0.69
0.02
0.28
0.32
0.20
0.02
0.44
0.73
0.22
6.27




® ’ TABLE VI
AMINO ACID STUDIES

ABDOMINAL AORTIC OCCLUSION

Date: March 18, 1963

Patirnt: Kovach

# #1 #I11 #Iv #V #VI  #VIL  Control
Glycerophosphoethanolamine~ = = = = - -~ - 0.01 0.01 0.01 0.008 - -~
Taurine 0.24 0.28 0.31 0.30 0.34 0.37 0.33 0.24
Urea ) 16.33 17.04 18.35 16.80 18.27 15,71 14.92 12.51
Methionine Sulfoxides c-e --- --- 0.02 --- I
Aspartic Acid —m-- ,e- --- 0.01 --- .= ee= ==-
* Threonine 0.33 0.30 0.32 0.28 0.31 0.27 0.25 -0.18
Serine 0.28 0.26 0.26 0.25 0.28 0.25 0.22 0.16
Glutamine 2,21 2.33 2.47 2.02 2,15 0,92 1.53 1.02
Proline 0.52 0.47 0.70 0.48 0.52 ‘0,50 0.46- 0,35
Glutamic Acid 0.13 0.06 0.08 0.12 0.17 0.17 0.11 0.19
Citrulline 0.07 0.06 0.06 0.06 0.05 0.06 0.05 0.05
Glycine : 0.63 0.64 0.67 0.59 0.56 0.55 0.48 0.34
Alinine 1.61 1.99 2.53 2,17 2,36 2,10 . 1,94 1,15
a~Amino-n-butyric Acid 0.05 0,05 0.05 0.05 °~ 0,04 0.04 0.03 0.02
Valine 0.86 0.77 0.87 0.80 0.86 0.85 0.79 0.57
Half Cystine 0.11 0.10 0.10 0.09 0.10 0.09 0.08 0.06
Methionine 0.17 0.12 92,11 0.10 0.12 0.09 0.06 0.06
Isoleucine 0.35 0.31 0.33 0.30 0.35 0.32 0.27 0.19" i
Leucine 0.01 0,02 0.03 0.02 0.02 0.01 0.01 0.007
Tyrosine 0.14 0.11 0.13 0.12 0.13  0.12 0,10 0.07
Phenylalaniue 0.14 0.13 - 0.12 0.16 0.14 G.12 0.08
Ornithine 0.12 0,12 0.13 0.13 0.13 0.12 0.10 0.06
Ethanolamine 0.03 0.02 0.03 0.03 0.04 0.03 0.03 0.02
Ammonia ~ 0.65 0,43 0.49 0.55 ° 0.57 1.29 0.54  0.45
Lysine 0.46 0.44 0.50 0.48 0.51 0.43 0.39 0.20
Histidine 0.18 0,22 0.13 0.22 0.22 0.22 0.20 0,08 .
Arginine 0.23 ~---~ 0.23 0.20 0.25 0.19 0.16 0,10 ) .

‘
e




Date: March 28, 1963

Patient: Quail

Taurine

Urea .
Methionine Sulfoxides
Threonine
Serine
Glutamine
Proline .
Glutamic Acid
Citrulline
Glycine
Alauine
Aminobutyric
Valine

Half Cystine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Ornithine
Ethanolamine
Ammonia
Lysine
Histidine

v Arginine

ZAL

TABLE V11
AMINO ACID STUDIES

ABDOMINAL AORTIC OCCLUSION

0.15

# #I1 MO
0.18 0.18  0.17
10.91 11.27 11.84
0.02 0.02  0.02
0.27 0.26  0.26
0.26 0.23  0.41
‘1.61 1,58  1.48
0.51 0.48  0.52
0.06 0.05  0.05
.0.08 0.07 0,07
0.58 0,54 0,51
0.83 0,90  1.00
0.04 0,03 0.04
0.49  0.49  0.49°
0.08 0.07 0,08
0.10 0.09  0.09
0.18 0,17  0.19
0.03 0,02 0.02
0.11  0.10 0.11
0.10  0.09 0.1
0.13 0.12 0,12
0.01 0.01 0,02
0.30 0.31 _ 0.29
0.34 0.31 0.33 °
0.14 0.13 ~ 0.15
0.17 0.18

e

0.12
8.21
0.01
0.18
0.19
1.14
0.36
0.06
0.06

- 0,39

0.73
0.02
0.36
0.06
0.06
0.15
0.02
0.08
0.08
0.08
0.02
0.23
0.24
0.10

0.12

W

0.18
12.71
0.02
0.26
0'24
1.55
0.51
0.09
0.07
0.53
1,02
0.03
0.54
0.08
0.08
0.21
0.02
0.11
0.12
0.13

0.35

0.33
0.15

0.16

#Vi

.0.15
10.00
0.01
0.21
0.21
1.29
0.40
0.07
0.06
0.42

0.79

0.02
0.46
0.06

" 0.06

0.17
0.02
0.09
0.10
0.10
0.01
0.25
0.29
0.13

0.13

Hnm

0.21

13.31
0.02
0.25
0.23
1.48
0.49
0.10
0.08
0.49
0.95
0.03
0.63
0.07
0.05
0.25
0.02
0.11
c.12
0.10
0.01
0.28
0.31
0.15 -
0.13




Date: April 2, 1963

Patient: Hoffman

Phosphoserine’
Glycerophosphoethanolamine
Phosphoethanolamine
Taurine

Urea

Methionine Sulfoxides’
Aspartic Acid
Threonine

Serine

Glutamine

Proline

Glutamic Acid
Citrulline

Glycine

Alanine
Aminobutyric

Valine

Half Cystine
Methionine
Isoleucine

Leucine

Tyrosine
Phenylalanine
Ornithine
Ethanolamine
Ammonia

Lysine

Bistidine

Arginine

x4

TABLE VIII
AMINO ACID STUDIES

. ABDOMINAL AORTIC OCCLUSION

#

0.17
13.93
0.03
0.33
0.32
2.30
0.48
0.08
0.08
n,57
1.07
0.03
0.69
0.10
0.17
-0.34
0.02
0.15
0.17
0.18
0.02
0.48
0.48
0.15
0.24

#11 - #I0 #V WV
--=-  0.005 0,007 0.005
0.01  0.010 6,011 0.011
-== 0,008 --- =---
0.25  0.33 0.03 0.27
14,93 17,03 15,09 13,09
0.03  0.03 0.03 0.02
0,01  0.007  0.007 ---
0.34 0.44 0.36 0.30
0.30  0.:8 --- 0.26
2.50 3.39 “--- 2,26
0.5  0.72 0.64 0.47
0.10 . 0.09 0.11 0.07
0.07  0.09 0.08 0.07
0.61  0.79 0.68 0,55
1.24  1.89 1.46 1.21
0.03  0.04 0.02 0.02
0.76  0.99 0.86 0.75
0.11  0.16 0.13 0.11
0.18  0.24 0.21 0.18
0.37  0.54 0.47 0.4l
0.02  0.02 0.02 0.01
0.16  0.21 0.16 .0.15
0.18  0.25 0.20  0.19
0.22 0,23 0.24 0.19
0.04 0.05 0.06 0.04
0.50 _0.47 _ . 0.57.__0.38 .
0.56  0.62 0.65 0.55
0.8 0.21 0.23 0.20
0.27  0.29°  0.31 u.27

#V1

0.003
0.013

0.31
13.91
0.03
0.33
0.27
2.%4
0.53
0.07
0.07
0.62
1.51
0.02
0.79
0.09
0.19
0.43
0.02
0.17
0.21
0.22
0.04

. 0.40

0.62
0.23

w1

0.024

0.33
0.03

0,34
0.3¢C
2.59
0.58
0.07
0.06
0.62
i.53
0.02
0.80
0.12
0.17
0.44
0.02
0.16
0.21
0.20
0.05

0.34 |

0.60
0.22
0.25
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TABLE IX

T T T T T AMING ACID STUDIES

Threonine
Serine
Glutamine
Proline
Glutamic Acid
Citrulline

- Glycine
Valine
Half Cystine
Methionine
Isoleucine
Tyrosine
Phenylalanine
Ornithine |
Ethanolamine
Ammonia
Lysine
Histidine
Arginine

PLASMA LEVELS DURING CLINICAL SHC 2K

MILLIMOLAR CONCENTRATION

Normal

Average #
0.04 0.06
4.52 48.00
0.13 © 0,06
0.11 0.06
0.69 0.39
0.13 0.09
0.04 0.03
0.04 0.02
0.22 0.09
0.26 0.18
0.02 0.02
0.07 0.03
0.12 0.06
0.06 0.03
0.06 . 0.06
0.04 0.03
0.00 0.00
0.13 - " 0.21
0.17 0.10
0.07 0.04

0.09 R

Subject #1 - Renal Failure
#2 - Hemorrhagic Shock

#2

0.03
3.27
0.06
0.03
0.4v
0.12
0.06
0.06
0.24
0.18
0.01
0.06
0,09
0.03
0.03
0.05
0.04
0.18
0.11
0.06
0.06

#3 - Septic Shock
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. THE EFFECT OF HYPERBARIC CXYGENATYON SN THE MYOCARDIAL METABOLISM .
i IN EXPERIMENTAL HEMORRHAG.C SHOCK - UNPUBLISHED DATA -
{I) Myocardiat Phcsohorylase Activity and its Relationship to Catecholamine
in the Adcenals : .
~Sadayoshl Hashimoto, and R Adams Cowley . ) g

Our previous studies in experimental hemorrhagic shock tnauced

in mongrel doys by the standard shock technique have demonstrated that
oxygen breathing at a pressure of three atmos vneres absolute showed a
significant benefit in markedly reducing mortality in the treatment of

w -

dogs in hemorrhagic shock . Simultaneously after pressurization an

s

' mcreasea partial pressure of oxygen in the muscle and the liver in shock
has been demonstrated.

Oxygen at high partial pressures h;as been shown to have a
harmful effect on the metabolism of mammalian t!ssu.e in vlt;'o or on
individual enzyme systems(zq). From the systematical studlés on the
effect of oxygen at elevated teraion on tissue respiration and on the

: 9,10
(8) and Stadie et al( 110

activity on the various enzymes, Dickens
have concluded that many enzymes, particularly those dependent on
sulfhydryl groups for activity, are more or less easily inactivated by

oxygen pressures of one atmosphere or more; on the other hand, many

other enzymes are completely resistant to the toxic action of oxygen.

L Ralland Sutherland first deménstrated the presence of phosphor- ' . .
ylase in the myocatdlumul)_. ‘V;X'h.ls enzyme, 7 ;ﬁbsbﬂbﬁﬁéé;J‘éat‘aiy'z“eg e
the reaction: glycogen + inorganic pl’iospnate =glucose-1-phosphate.

‘ Dog heart muscle phosphorylase provides an examples of a phospiicrylase
» . .




2 ; , s

- which exists in both the a (active in the absence of adenosine-5-
phosphate) and b (active only in the presence of adonosu_xe~5-pholph¢te)
form. Recently it was reported that epinaphrine and other avmpatho-
mimetic amines ca‘ jed an lncreaaé in the acﬂvtt} of phosphbrylaae a

12) and theie findings have focusad on the re-

of the rat myocardium
lationship between ihtegrated enzyme activity .nd mechanical action .
of the heart, '

It is generally accepted that the adrenal medullary hormone of
a normal 5n1ma1 does not play a role in the maintenance of blood pressure
(13, “). " On the other hand, the response of the adrenal medulla to ‘
abaormally low level of blood pressure has been extensively studied un§
they revealed that the induction of hypotension was uccomﬁalned by an
increase in the adrenal secretion of eptnephﬂneus"") . Glaviano et a)
reported that the adrenals consistently demonsirated an amazing capacity
to secrete continuously pressore hormones under the severe stross of
progressing ci.réulatory fanure(ls) R

These results have led us to consider the possibility that phos-
phorylase in the myocardium and catecholamine in the adrenals might
be lnteractlng in experimental hemorrhagic shock,

The intermediary metabolism of the myocardium in shock has to

the best of sur knowledge found little attention. Mostly informatfon was

gained by the application of anoxia to the myocardium in vitro and

the conclusions were that what had been seen in anoxia ougnt to Fave

occurred in shock.
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_ No frozen tachnique for this sample was rpe{formed.

-3
We considered the prevalence ot anaerobic glycolysis in shock
and assumed that OHP Increz3es the oxygen concentration' in the cells.
Thase experiments deél with the effect of hyperbaric oxygenation (OHP)
on the charjes in phosphoﬁlase activity of the myocardium and cate~
cholamine content in the a&renals in experimental hemonhagl§: shock.
Methods_ -

Randomly selected mongrel dogs were employed for this study.

The animals were separated into threé' groups : 1) control, 2) hemorrhagic

shock and 3) pressure group. The procedures in the hemorrhagic shock
and OHP groups were identical to those previously reported. The
samoles were taken at the following stagesé after 2 1/2 hours shock in
the second group and immediately after the depressurizatitlar'n of the third
group.

The animals were anesthetized with intravenous administration

of 1 ml/Kg. of pentobarbital. Immediately after the chest was opened,

approximately 500 mg. of the apex part of the beating left ventricular
wall was quickly excised and placed in an alcohol dry ice slumry
previously prepared and the = ozen tissue was weighed immediately.
Simultaneously t_hg animals were laparotomized and both sides of

adrenals were excised. The neighboring fat tissues were removed.

Phosphorylase determinations were made according to method
of Cort and ulingworth(zo) as follows. It has been shown that'the
force of contraction of the heart can be depressed by pentobarbital

without significant lowering of phosphorylase activity(lg),

-

\A_
N
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_Therefore an influence of the anesthetic agent on the enzymatic activity

oy o

could be disregarded. The frozen tissue was homogenized for one minute

in an Omni-mixer containing 30x v/w of 0.01 M NaF-0.002 Mf‘ethylene—
j i

diamine tetracetic acid (EDTA), disodium salt After this proée:‘urc,

. Ve
according to the modified method of Haugaard et al(2 l), the 1:30

wxtract was diluted § times with NaF-EDTA 2dium. A 0.5 ml. sa.iple

of this diluted extract (1:150) was incubated with 0.5 ml. of 0.9327 M

glucose-1-phosphate, 2 per cent glycogen (with and without 0,002 M AMP)

for five minutes at 30C. ' “wo
The Inorganic phosphate formed during the incubation was o i, R
measured by the modified tsobutanol mr.thod of Takahashi's(u) . The
spec.lfjic activity was uAp.esseé as phosphorylase units per‘ mg. protein
(23) ‘

according to the equation of Corl et al . ‘Protein was determined

by the method of Fol.n ciocalteau.
The cvaiccholamine determinations were madz according to the
24
modified method of Euler( ). The tissue vas weighed and homogemized

with an aliguot of 0.025 N H Ci under coollng.' Then five per cemt

trichloroacetic acid was added and well stirred. After centrifuged ‘
under 3500 r.p.m., the supernate was filtered off. Lipids, if present,

and the trichloroacetic acid were removed by subsequent repeated

extraction with ether, To .the. clear filtrate 10-50 mg. of ascrobic .
acid per liter and aluminum sulfate to 0.1 per cent was added. The

pH Qas adjusted to slightly over seven with 1N NaOH. Tu. precini-

tate after centrifuging was washed with water and dissolved in ‘

2 N H2580,4. The solution was diluted so that it corresponded to 20 _

ml. per gram and pH adjusted to 3.5 with IN NaOH. To this solution
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four ‘volumes of 95 per cent ethanol was added, and the precipitate
allowed to settle down over night in the refrigerator. After filtering,
the clear filtrate was concentrat»ed in vacuo to 5-15 ml. The color-
imetric determinations were done using a 8eckman spectroph‘otometef
according to the method of»von Euler and Hamberg (25). The content

of catecholamine in adrenal glands was express.d by ug. per gram of

moist tissue,

Result-s and Discussions
The experimems reported in Table 1 demonstrate clearly that
the actively contracting dog heart muscle has a high content of
phosphorylase. The values for the phosphorylase ratio of 4Q.8 per
t.;ent indicates that phosphorylése is p:uresent predominantly in the a
form, If one assumes that phosAphorylase'a is 65 per cent active in
the absence of adrenosine-5-phosphate, the value of 40.8 per cent
for the phospharylase ratio corresponds to a content of 63 per cent
of the totai- phosphorylase. This is close to the figure of 72 per cent
reported by Cori {1956) for rabbit heart.
Table 1 illustrates that the cardiac phosphorylase a a.c':ivity
(percentage of total) in normal open chest doas is 40.8+ 2,9 P.E. M.
(N=10). In the shock group its activity was 27.1+ 2,0 P,E. M, (N=10)_

and therefore decrcased to a greater extent if compared to control

-group. In the shock yroup trealed with OHP, the activity is 34.4+

4.0 (N=6), and increased significantly when compared to shock group
and almost returned to the normal range. ‘

However, the corresponding phosphorylase units with and without

adenvylic acid in each group did not show any noticeable changes.




.of shock, accumulation of lactic acid lowers the pH, depressing

lowered content of lactic acid in the OHP group compared to shock,
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f
Apparently, at tho terminal stage after two and one-half hours

phosphorylase a content, If one assumcs that CHP provides enough
oxygen to show Pasteur Fifect working, which wousd result in a

then the phosphorylase activity seéms to be ir. :z2ased. These findinygs
supporn the conclusion that considering the effect of OHP, the decrease
of phosphorylase activity induced by hemorrhagic shoc.k is not irre~
versible and the integrity of enzyme system whlc}; activ.‘at;‘(:a;d!a.cr )
phosphorylase is not impaired by hemorrhagic shock.

Hess et al concluded that hypotension per se is not respousible
for the decrease in the activity of phosphorylase a seen at’ter.the vagal
stimul-:ati.on(2 1). However, this does not apply here becaﬁse the method
by which hypotension was induced was different from hemorrhagic shock.
Klarwein et al‘zs) reported that when coronary circulation was not
maintained. active phosphorylase increased, then diminished in heart
muscle during ventricular and atrial flbrillatién and during 'ventﬂcular
tachyc;ardia. This could be explained on the basis of activation of the

@7

two endymes which calalyze the conversion of the phosphorylases .

Table 2 represents that the content of adrenaline, noradrenaline

t
and tdtal catecholamine in the shock group significantly decreased

compared with controls and the values obtained in shock with subsequent

-OHP group heve returned close to the normal range. Expressed in terms,

of adrenal medullar secretion the decreased content of catecholamine ‘ :

in the adrenals has result in the increased release into the peripheral

circulation,
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These results agree with th2 1oponts showing that the adrenal

medulla of dogs in hemorrhagic shock was observed to continue to secrete
epinephrine at very low levels of mean blood préssure, chéracteristic
of terminal shock(w) . ‘

Lund reported that an ircrease in both epinephsine and nor-
cpinepiuine levels occurred in the adrenal venoti_'= bluud of dogs sub-
jected to short periods of hemorrhagic shock(ze) . Manger et al(27) and
Watts and Bragg(za) reported significant 1ncreéses in lévels of epi-
nephﬁnc in peripheral bluod of dogs in hemorrhagic shock.

The changes in the catecholamine content in the adrenals are
in agreement with these aldrenal and peripheral studies.

Levenson et a1(29) stated that the glycogen deposmon' occurs
in the face of a presumably elevated level of epinephrine and led to » i
the sugyestion that in shock there is a defect of epinephrine acti-
vation of phosp...‘:or','lasc as a consequence of the ischemia.

However, in c.:onnection with them, ‘concernlng the decreased
aqtlvlty of phospﬁorylase in hemorrhagic shock in spite of the 1ncrea’séd
secretion of catecholamine and the decreased content in the adrenals,
it appears that the actionrof catecholamine on the irreversible hemo-
rrhagic shock is negligible as far as phosphorylases are concerned. On
the other hand, since the administration of OHP in hemorrhagic shock
increase the catecholamine content of the adrenals it has been suggested
that in OHP treated shocked animals the secretion of catechol~mines was
decreased. It is not clear whether a cause and effect relationship
exists between the changes in enzyme activity and the increase in muscle

contractions. It follows from our results that no noticeably augmented
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action of catecholalmines on the phosphoxylase’acuvlty in hemorrhagic
shock has been observed. This is compatible with the fact that nor~
mal dog heart has a high concentration of phosphorylase and epinephrine
causes an increase in the activity of phosphorylas: 3 of the myo-

cardium,

As is shown in Table 3 and Figure 1, so - correlation between the
content of catecholamine and phosphorylase activity are demonstrated.

This was most interestirg findings. . -

In some instances of shock group the phosphorylase values of

37.4 per cent and 26.9 per cent have been seen. and these values" - '
were accompained by relatively high catecholamine content. These

values well explained the findings compared to the catecholar;line

content in adrcnals as shown in Table 3. This might explain that such

a high value appears in the shock group but not in the irreversible

state. Also 17 per cent survival rate in our control experiment supports

this suggestionu) .

Summary
.. The effect of hemorrhagic shock with and without OHP on the

phosphorylase activity of dog cardiac muscle has been st\;diéé ln

connection with investigations into't-he role played by catecholamine

in adrenals, a hormone figuring in the activation of cardfac phosphorylase.
1) Phosphorylase activity decreases in experimental hemorrhagic

shock compared to controls and the OHP treatment restores ...« activity

close to normal. This indicates that the hypoxic~anoxic decrease of

3 Gpm

cardiac phosphorylase activity is not irreversible and the administration
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! ) B
of OHP in hemorrhagic shock does not show adverse effect on this enzyme.-

2} The confent of adrenéline énd noradréﬁaline in the adrenal
glands decreases in ﬂemorrhagic shock and with OHP treatment reaches
the normal range.

‘ 3) Some correlation between the content of catecholamine in the
adreﬁals and cardiac phosphorylase activity in - :e2 groups was seen.
The anoxla-induced decrease in cardiac phosphorylase is 'not due to

the lack of catecholaminz.
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" if the hypovolemia is permitted to exist for a long period, imreversible processes

" Gram positive organisms are the second moest frequent and are usually isolated

THE EFFECT OF HYPERBARIC OXYGENATION ( OHP ) ON THREE
FORMS OF SHOCK - TRAUMATIC, HEMORRHAGIC AND SEPTIC

Emil Blair, M. D., George Henning, William G. Esmond, M, D,,
Safuh Attar, M.D., and R Adams Cowley, M, D.

Shock in whatever form is a continuing menace in the management

of disorders within the surgical discipline, Generally hemwuirhagic shock
is a matter of immediate replacement of lost volumes of blood, and the

patient is resuscitated within a very short period of time. On the other hand,

set in which render resuscitation impossible, regardless of the magnitude of
replacement and any supportive therapy. Experimentally, in rapid bleed-out
preparations the time factor is in the vicinity of 4 to 4 1/2 hours (14). Shock
secondary to bacteremia develops in about 10 to 12% of instances (6). The
causative organism 18 usually of the gram negative coliform type secondary to

perforation of a viscus, with an acute peritenitis, or urinary tract compiication.

from the peritoneal cavity and the lungs, Until the introduction of antibiotics,
the mortality rate was 100% (1). Since that time the mortality rate has been

reduced but continues at a high rate of 60 to 70%, despite antibiosis, judicial

surgery, and suppdrative therapy in the form of fluid replacement.

From the Clinical Shock Unit and the Research Laboratories, Department of

Surgery, University of Maryland Schooi of Medicine, Baitimore, Maryland. : - ,
Supported by grants from OTSG, U. S. Army R and D Command No, DA-49-193-

MD-2229 and the U.S. Public Health Service No. HE-06154~2 and =, §-K3~

HE-4232~03 (Career Research Program - Dr. Blair),




“2-

electrolytes, oxygen, and vasopressors. Traumatic shock even initially

presents a complicated problem because of hypovolemia, bacterial con-
tamination, and immunological factors secondary to the injury, All serve
to severely tax the homeostasis and host defense mechanisms, Again
early therapy, decisive and sure, can be followed bv a re2ronable degree

of recovery. On the other hand, the time factor once more is crucial and

" " 'beyond a critical point irreversibility develops, much as observed in hemor-

thaygic and in septic shock.

The precise nature of the pathophysiology is yet t6 be learned, although
many interesting concepts have been advanced. Regardless of the mechanisms
involved in the three forms of shock a predominating feuture in all-three is
hypoxia. In general the hypoxia is at the cellular level, thg result, as a rule,
of critically éecreased perfusion. The reduced perfusion may be due to (1) blood
loss per se, (2) reduced cardiac output, (3} peripheral vasomotor faiiure, or
(4) a combination of the above. Whatever the underlying mechanism the sum total
is a reduction in transport of oxygen below a critical level resulﬂng in the
hypoxemia, Since the disorder is primarily a metabolic one because of defi-
ciéncy of oxygen, a search for other measures in the managemeht of shock has

been centered’along ‘means of affécting metabolism, One such approach has

been hypothermia (3). The view here primarily has been to reduce the metabolic

reqﬁirements of the cell in the face of the reduced perfusioh. The rationale is

that reduction of the cell’s oxygen needs to a level more commenzvrate with




-3- ) '

what the circulation can deliver may bring the patient back into a more

controllable environment, Both experimental and clinical experiences have
demonstrated that hypothermia is nseful only in|bacterem!~ shock, It can

actually be dangerous in hemorrhagic shock since further biocod lossAdurlng

cooling is more poorly tolerated than during normother-‘a (7)., Wartime

expenen?es' have suggested effectiveness in traumatic shock, but have not

med {9, 10). - . _ - : .

£ ‘rui?ther approach 1s to increase the amount of oxygen at the cellular 4
level in the face'of deficiency mechanics for o:éygen transport, Under normai
conditions the partial pressure of oxygen in th alve;ﬂi is about 100 mm, Hg.
Inhalation of pure oxygen raises this 7 times ta approximately 670 mm, Hg.

The oxygen tension of arterial blood rises towa‘rd the new alveolar level, The
hemoglobin, r.mrmall'y about 97% saturated, becfomes 100% saturated. In addition
more oxygen hecomes physically dissolved in the blood. During inhalation of
pure oxyg‘gn at 1 atmosphere, the total oxygen ;content of arterial blood is

|

elevated from 20 vol.% to about 22 vol.%, or an increase of 2 vol.%. If the

!

b . pressure is raised from 1 to 3 atm*, the alveolar oxygen pressure wiil increase

corresp ndingly and the oxygen tension and content of the arterial blood also
\

will rise. The rise should be approximately 760 mm. Hg, with each incrzase
I

l'n'atmospheric pressure, At 3 atm, the arterial oxygen tension would be over

2000 mm,Hg., or an increase of about 6 vol.% of arierial oxyigen. The resting

A-V oxygen difference in a normal person is about 4 to § vol.% Theiciore » OHP
| :

#* atmospheres absolute !
|

2.7
[ ]
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at 3 atm should provide enough oxygen for resting me'tabolism even in the
total absence of hemoglobin., Thus, OHP should be able to overcome almost
any type of deficiency in oxygen transport.

The characteristic feature in hemorrthagic shock is the reduction in
blood oxygen capacity due to loss of whole blocd. The increased solution of
oxygen into the plasma with OHP would provide the needed amount of oxygen

despite the absence of adeduate hemocalobin, Similarly, if the hemoglobi*

within normal limits, but blood flow is reduced because of low output and/or .

peripheral circulatory failure as in septic shock tissue hypoxia again resuits.

Tissue extracting 6 vol.% theoretically should be kept normally oxygénated at

3 atm witﬁ $0% the normal perfusion. In traumatic shock an additional facet
aggravating the problem of hypoxia is that of impairment of diffusion of oxygen
from the capiilaries to the cells, This could, for exampie, be caused by edema.
The elevation of arterial oxygen tension and the increased solubility of oxygen
not only in plasma, but also in tissue fluid theoretically should aid in reducing
the oxygen deficiency in this type of shock (4).

There have been a number of clinical and experimental reporis regarding
the efficacy of OHP in various problems created by hypbxia (4,5,12,13),
The present report deals with the use of OHP at 3 atm in three forms. of shock:
traumatic, hemorrhagic, and septic.

METHODS AND MATERIALS

The study was divided into three groups, Group I consisted of traumatic

+h~ck produced in rats in a Noble-Collip drum. Two sets of animals were
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studied: one a control with drum shock and the other, drum shock treated with
OHP. Young adult white male Wistar rats‘welghing 150-300 gms were used,
The animals’ 1eg§ were taped to a board and drumming was set at a rate of
40 R,P.M. The Asevrerlty of challenge was varled from 800--840 turns in order to
produce severe trauma, but a reasonable survival, Falloviing drUmming, the
animals were loosehed. and the controls allowed to remain in open cages. The
second group was transferred to a pressure chamber, This consisted of a top
loading autoclave with a pop-off valve in 6rder to insure the pressure in the
tank would not exceed 3 atm, Pure oxygeﬁ wés flowed into the tank at a rate
of 1 liter per minute, This, in addition to maintaining .the pressure at 3 atm,
also provided adeq;.xate ventilation in order to avoid ac.cumulatlon ‘of carbon
dioxiderwithin the chamber}. The pressure was gradually raised over a period
of five minut;as to 3 atm and maintained for two hours, after which decompression
was effécted over a period of fifteen minutes.
(Table 1 here)

The secoad group (1) consistea of hemorrhagic shock in unanesthetized
mongrel dogs, which received premedication with morphine (1,5 mg/kg) one
hour prior to bleeding, Following hebarinization (2 fng/kg) bleeding was

accomplished through a femoral artery cannu'a, Through another cannula,

arterial bleed pressures were measured and blood samples obtained for chemistry,

_ Heart rates wewrgge{ived ﬁgrﬁﬁrcontlnuous electrocardiographic tracings. The

shock preparation employed here was developed at the University o1 Maryland,

It is a modification of the standard Fine hemorrhagic shock doé. The latter
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resulis in irreversible shock in almost 100 per cent of the animals, This
proved to be too severe a type of shock for assessment of therapeutic man;
euvers. The experimental shock model developed in our I.abolratories‘is an
LDggp preparation which permits an édequate rate of survival for study of
therapy. One group served as the controls and the other similarly bléd was
treated thh OHP, Shock controls were bled to a ievel of 30 mm, Hg. and
mainta}ned at this pélnt for 2 1/2 hours after which the shed blood was
reinfused. The dogs in the OHP group after stabilization of the blood pressure
at 30 mm, Hg. for 30 minutes were transferred to an OHP chamber and maintained
for a period of time equivalent to that of the controls. Tﬁe pressure in the
chamber was raised to 3 atm and maintaineq for 2 hours after which d_ecom-
pression was achieved in approximately 15 minutes, The animals were then
removed from the chamber and reinfused.

Bacteremic shock was induced in chloralosed -dogs (Group III) by
instillation of a saline suspension of feces. The control breathed room air

spontaneously. A second set were treated with OHP under condtions similar

to that of the hemorrhagic shock Group. Sampling and pressuras were obtained

ﬁom arterial cannulae,
(Figures 1 and 2 here)
Traumatic Shock: The rats were observed for a 48 hour period
after drum shock. The drummed animals presented the typical clinical appearance
of severe shock as demonstrated ‘by cyanosis of the noses, paws, and tails.

The respirations were shallow and rapid, The rats could be aroused by prodding,




but iinmediately slipped Into a severely obtunded state, The highe;t mortality
rate occurred within 2 hours after drumming. There were 15 rats in the control
group of which 9 died, giving a mortality rate of 60% (’?'t"éle 1}, The ’animals
subjected to OHP demonstrated a rapid return of activity. i’helr color wa;
normal, and their eyes, bright. The rats responded * >~ prodding and defecated
and voided freely, Twenty-one rats comprised this group of which only 4 died,
a mortality rate of 20%. The difference in mortality was significant to the 5%

level,

Hemorrhaqic Shock There were 23 .dogs in the hemorrhagic shock

control group of which there were only 5 long term survivors, a mo'rtality rate

of 83% (Table 1). In the OHP group 14 of 19 survived, a mortality rate of only
26%. This was significant to the 5% level, The‘arterial blood pressure was

kept at 30 mr;'n.Hg. until relnfu.;.ion. The hemorrhagic shock state was char~ -
acterized by tachycardia and hyperpnea. The arterial oxygen content became
elevated above preshock level, Carbon dioxide tension was reduce_d , the pH,
acidotic and lactate, elevated. In OHPF treated group the arterial blood pressure
began to rise after the first hour of compression and af the end of 2 houfs averaged
90 mm, Hg. for th;a group. In fhe chhamber the corhpénsatory tachycardia was
replaced with a slower rate, (Figure 1), The hypocarbla. and acidosis were
.slm.llar asg in the control shock dogs and the lactate_ elevation of qreeter magnitude
(Figure 2 and §). Upon decompression and reinfusion, the heart rate at first

accelerated and then declined toward pre-shock level. The lacta*~ decreased

and the pH rose,




(Figures 3 and 4 here)

’§eguc Shock: There were 10 dogs in each group., Within six
hours of innoculation, 9 of the 10 dogs were dead in the control group and
8 of 10 In the bacteremic OHP group. The biochemical picture presented a
éevem metabolic acidosis manifested by reduced pH, elaaied lactate, and
decreased in buffer base, The A-V oxygen difference widened considerably.
The aneﬂal blood pressure dropped to .shock levels and was accompanied by
a cowpensatory tachycardia and hyperpnea (Figure 3), The OHP group demonstrated
an initial retardation of the adverse changes for the first hour, but thereafter a
rapid deterioration set in until the bi.ochemica.l picture bec.amc worse thanvthat
of the control bacteremic shock group (Figwe 4 and 5). Again the combensatory
3tachycardla was diminished in the OHP group.

. (Figure 5 here)
DISCUSSION

Traumatic ahd hemorrhagic shock demonstrated significant improvement
in survival with OHP treatment, while septic shock failed to show any, Since
hypoxia is the predominani problem‘ln all three syndromes, and OHP provides
a tremendous delivery of oxygen, the reason for the difference in response is
not entirely clear, It is apparent that mereiy 1ncre§slng the amount of oxygen
available at the cell is not sufficient to improve the pathologic picture in
bacteremic shock. The most suggestive reason for the differences in response

to OHP is related to endotoxemia (8). Regardless of the availabilitv of oxygen

it would appear that the endotoxins had overwhelmed the host defense mechanisms

gaud also handicapped the cell’s ability to metabolize. Oxygen at high pressure
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inhibits bacterial growth as demonstrated by in vitro studies (2), The failure

to do so in these studies may be due to the fact that the high pressure and

~oxygen conditions within the OHP tank were not transmitted to the animal and

hence to the site of bacterial growth} i.e., the peritoneal cévity. Here the
content of oxygen was merely elevated, probably allowing a more luxuriant
growth of bacteria and thus an increase in elaboration of endotoxins. This is
sdggested by the fact that the biochemical picture of the OHP bacteremic
animals was much worse Lhan that of the bacteremic control dogs. Whatever
the cause, OHP failed completely to alter the course of events in bacteremic
shock while there was significant improvement in the other tw§ forms of shock,
Tids raises the question with regard to a proposed unitarian theory ror
the irreversibility of shock (11). This proposal suggested that endotoxemia 1is
the basic cause for irreversibility in shock regardless of the initial type of shock
which may have developed. If this were true, since endotoxins are the agents
responsible for pathologic changes in bacteremic shock, OHP should not have
improved conditions in the other two forms of shock. These studies would
suggest that the three types of shock do not have a common etiology, nor

necessarily a common mechanism with regard to the development of irreversibility

'leading to death,

SUMMARY
Three forms of shock were induced ¢xperimentally in order to evaluate
OHP in the maragement of shock. Traumatic shock was induced in rats and

OHP resulted in a significant improvement of crrvival rate. Heinorrhagic shock

was induced in 'ogs and again the survival rate significantiy improved with OHP,
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Bacteremic shock in dogs, hovrever, failed completely to respond to OHP therapy,

weree . The reasons for this are not yet entirely clear. Apparently merely increasing.

the oxygen available at the cell is not sufficient to even delay the onset of

irreversibility. This suggests that the pattern of the pathophysiologic changes

_in bacteremic shock may be different from that in hemorrhagic and traumatic

‘shock, at least insofar as the role of oxygen may be .oricerned.
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Figure 1, In hemorrhagic shock the heart rate rises with the fall in arterial
blood nressure, The tachycardia continues until just before death. OHP at

3 atm inhibits the tachycardia and causes a rise in the arterial blood pressure.
The pre~hemorrhage pressure, however, is not reachea until the shed biood

is reinfused, BS = Before shock; HS = Hemorrhagic Shock; Rl = Reinfusion

" Figure 2. The arterial oxygen content rises in the contral shock animals as-

the result of compensatory hyperpnea, With OEP .is increase is much greater,
Arterial pCOj in the controls is unchanged until reinfusion and irreversibility.
Exposure to OHP cause an increase with a fall after decompression, The
acidosis is not as severe and is reversible with OHP treatment .

BS = Before Shock; HS = Hemorrhagic Shock; RI = Reinfusion.

Figure 3. In -sepuc shock treated with OHP the compensatory tachycardia
is inhibited while the hypotension is progressive as in the shock controls,
BS = Before Shock; SS = Septic Shock,

Fioure 4, Arterial oxygen content rises in the controi shock, but is much
greater with OHP, The pCO3 tends to increasa in the OHP chamber. The
acidosis is equally severe in both groups. ‘

BS = Before Shock; SS = Septic Shock.,

Figure 5, Lactic acid in the hemorrhagic shock (HS) controls and in the OHP
group rises progressively, with a fall in the latter after decompression. iIn

the septic shock (SS) OHP group the elevation in lactic acid was significantly
greater than in the shock controls.




TABLE 1.

TYPE OF
SHOCK

Traumatic

Hemorrhagic

Septic

No,
15
20

10

CONTROLS
Survived %
6 40
3 17
0 0

OHP EFFECT ON SUKRVIVAL RATES IN SHOCK

.. OHP
No, . Survived
21 17
18 14
10 0

%

74




EFFECT OF HYPERBARIC OXYGEN (OHP) ON GRAM NEGATIVE BACILLI

R.M, Cllcdart, *C.R. Seitz,*E. Bla.r, **G. Henning,* and R. W. Buxton*
. Dept. of Surgery ’
U. of Maryland School of Medicine
Baltimore

- This study was designed to note the effect of OHP on Gm. neg.

bacteria using matched in-vivo and in-vitre studies. In-vitro

studies: measured innocula of bacteria were subjected to varying

pressures of O, at 37%c. O, tension at 2 and 3 atm. resulted in a

bacteriostatic effect (E. coli). Op tension up to | atm. increased

the bacterial growth rate while all pressures of air up to 3 atm.

showed no change over normal pressure. In-vivo studies: . dogs

were infected peritoneally with a measured fecal suspension. Studies

were done at varying pressures of 02 by taking periodic quaptitative

blood cultures. The dogs with a closed abdomen at 3 atm, 02 showed

a peritoneal O2 tension of no more than 80 mm. Mg, whereas the open

abdomen gave the full intraperitoneal effect of 02 at 3 atm., In-

fected dogs at 3 atm. of O2 with an open abdomen showed an initial

septicemia at 1 hr. The blood was relatively cleared after 2 1/2 - 3 1/2

hrs. After this clearing, the septicemia recurred, increased, and

resulted in the death of the dog in 8 * hrs. Those dogs with the

abdomen closed showed an increasing septicemia from the bheginning

. and died after § t hrs, as did the dogs treated with air and an open o

“abdomen at 3 atm. pressure. If oxygen is allowed to reach the

bacterla with an established pressure of 2 - 3 atm,, the bacterio-

static effect may be realized and the dog's defenses pre-ail until
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an overwhelming tissue invasion takes place, cumoel treatment of

!ooa\ paritonitis with ORP will raquire vontnauon cf the

envny involved plus the traditional supportive’ /:;eawns and aurqew.
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THE SFFECT OF HYPERBLUC OXYGENATION
(OHP) ON BACTEREMIC SHOCK

Emil Blair, M.D., Robert Ollodart, M.D., William G, Esmond, M.D,,
Safuh Attar, M.D. and R Adams Cowley, M.D., with the Technical Assistance
of George Henning and Calvin Seitz.* '

Bacteremic surgical shock most often is caused by gram negative

coliform microdrganisms. 1,2 However, any micre” janism which produces

septicemia can be responsible for this too frequently lethal syndrome, The inci-

der;ce Vofr Vsh;'x,k' froh bacteremia is about 10-12%.3 A positive blood cultm;e is'
diagnostic. However, shock occurs Qith a s;avefe peritoneal or pulmonary
sepsis and negative bfood cultureé. Despite the intensive use of appropriate
antibiosié. blood replacement, vasopressors, judicious surgery and supportive
measures, the mortality rate from bacteremic shcck continues to be éxtrz_xordinadly
high == app;oxilﬁately 60-70%. Because of the difficulty in adequately resusci-
tating the paﬁent in shock, pther measures for the management of this devastating
problem have been pursued, 1nc1u&ing hypothermianl.“ While some promise of
success has developed, the tremendous morbidity and the continued high mortality
rate has not been altered appreciably.

| Although the pathophysiology of bacteremic shock has not been fully
elucidated, the net rasult is a severe hypoxemia. 2,5 A principal problem

appears to be one of the maintenance of an adequate oxygen tension at the cellular

" #Prom the Surgical Research Laborateries and the Shock-Trauma Unit,

Department of Surgery, University of Maryland School of Medicine, Baltimore, Md.

Bupportsd by OT8G, U, 8, Army Medical Research and Developm~nt Command,
Contract #DA~49~193-MD-2229 and by grants HE-06154~2 and HE-07918-52 from
the National institutes of Health, USPHS and the Career Research Program

{Dr, Emil Blair),
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level. Hyperbaric oxygenation {OHP) has been demonstrated to be of striking
value in a number of clinical problems and experimental designs in which hy-

6,7

poxia is a dominant feature. The rationale in OHT {s simply to di<enlve

more oxygen into the plasma, so that more rof it will .be available to tﬁe cell,
METHODS AND MATERL’ - § )
Randomized mongrel dogs under chloralose anesthesia were subjected to
bacteremic shock of the gram negative coliform variety by the Instillation of , B .
‘ " a saline suspension of feces into the peritoneal cavity, Two grciups of . ‘[' :
animals weie studied. One conélsted of a control shock group (I) and the other, ”" K
shock treated with OHP at 3 atm* (I). Under fluoroscopic guidance a #8
Cournand catheter was placed into the pulmonary artery via a juédlar vein for
mixed venous sampling, Arterial blood was obtainéd from a cannulated femoral
artery. Heart rates were obtained from ECG traces. The arterial blood pressufe

was recorded through the femoral cannula using a Statham transducer and a

carrier type amplifier fitted with a direct writer. Mean pressures were obtained

by electronic integration. Blood samples were obtained prior to instillation

of feces, after onset of bacteremic shock and at intervals to death. Because
of difficulties in obtaining blood through the OHP chamber, sampling in this i

’ group was limited to one hour and just prior to death. The blood was analyzed’ i

H

|| for oxygen and carbon dioxide content, for lactates and p™~'. Bicarbonate and

pCO32 were derived from the homogram of McLean.**
~

vE/

]

o * atmospheres absolute
** Physiological Reviews, 1938, 18:495
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‘ "The CHP chamber consisted of a modified autoclave tested to withstand
6 atm; Oxygen, suprlied from a standard pressure cylinder, was precooled
to 109C during flow into the chamber. Cooling the gas was essential to
prevent overheating in the chamber, the temperatures'of which was maintained
at 25°C. A spring loaded pop-off'valye was de;lgned to nrevent the chamber
; . pressure from rising above 31 l!:;:aﬁln2 in the event of malfunction of the cylinder
reducing valve, Compression to 3 atmospheres was achieved in 15 minutes,
Excess carbon dioxide was washed out through an escape vent, T
RESULTS
The death rate. of both groups appear in Table 1. Within 6 hours of con- .
tamination 9 of 10 of the contn.)ls and 8 of 10 of the OHP group had succumbed.
" In another 2 hours, the death rate was 100% for both groups, The picture of
bacteremic éhock was characterized by a sudden drop in arterial blooci pressure
with tachycardia and tachypnea. Hemodynamic data are illustrated in Figure 1,
A singular feature was marked widening of the A-V oxygen difference, often
three or fourvtimes the baseline value. The hematocrit rose significantly. A
metabguc acidosis developed {Table 2) manifested By low pH, reduced buffer
base, low pCO; , and elevated lactates. Blood cultures were uniformly
positive at this time.
Pollowing onset of bacteremic shock the control group {I) demonstrated
progressive increase in A-V oxygen, heart rate, hematocnt and decline in

arterial blood pressure. The metabolic acidosis worsened until death. However,

V74

oxygen content was persistently in normal range. In Group II after one hour
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‘ of OHP the hemodynamic changes were similar to the controls, However,
as OHP was continued the heart rate slowed and dropped below preinnoculation
levels. The A-V oxygen in the first hour of OHP did not continue to increase
as the controls. However, after this time the biochemical picture rapidly
deteriorated and actually became worse than the controls. Arterfal oxygen
con‘tent throughout was higher than that in the control shock animals.

DISCUSSION
The physiologic picture of bacteremic shock in these studies are similar .

9,10 The hypoxia results from reduced tissue

to that of other investigators.
perfusion (evidenced by widening A-V oxygen), which is believed due to {1)

. decreased cardiac output and (2) peripheral vasomotor fauure.9 The intrccellular
aerobic inanition results in incomplete oxidation of pyruvates and leads to
accumulation of fixed acids; hence the metabolic acldosis, . darbon dioxide
tension is low due to the compensatory hyperpnea from "air hunger", which also
maintains alveolar p02,‘ evidenced by normal arterial oxygen content, The
accelerated heart rate is an attem‘pt to maintain output but this soon becomes

ineffectual. The deficiency in transport of oxygen is further agaravated by the

loss of plasma volume as suggested by the elevated hematocrit. In this type
of experimental model, a significant portion of this loss is into the peritoneal
cavity. The accelerating and combined attack of endotoxins and hypoxia lead

to a dissolution of the compensatory forces and to a complete rout of the host-

defense system. Death ensues.

In view of the known 1nc'rea'sedvavailability of oxygen under OHP conditions,

it seemed rather remarkable that the death rate in both groups was almost
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ideritical./ Normally the alveolar partial pressure of oxygen can be increased

from 100 to 670 mm. Hg. by breathing pure oxygen instead of air, The hemo-
globin becomés fully saturatrd and mora oxygen goes into the plasma, Arterial
oxygen content is increascd by 2-volu'mes per cent, When the pressure of
oxygen is raizced to 3 atm, the arterial content is further elev-ted to 6 volumes
per cent, (PAOZ =2000+ mm.Hg.). The increase in oxygen in solution is not
confined to blood plasma, but also the whole body, including interstitial fluid, as
weelh . 7 L. L : ST sl e sch b of aveann W Ly
fluias increases Sy 2.3 voiuu 26 par ot for every incxease of one atm.8 The
body is therefore capable of sioring oxyyen, The normal A-V oxygen difference

is between 4 and 5 volumes p~r ¢~nt. This means that at rest this amount ot

. oxygen is sufficient for metalw)izr+,  This could be provided easily by OHI’ at

‘ 3 atm. even', in the com;-létc i\iisléhl;e of hemoglobin. 7 Thus, at least theoreti~
cally, ailmost all oxygen transpor: deficits should be overcome.,

The changes with OHP werc inhibited temporarily aé evidenced Ly the
-arrest in A-V oxygen widenira in the first hour. However; despite the available
oxygen, the subsequent course was ldenileal to that.of the contrcls. Thisz
would suggest that some mecheai~m was interferring with the metabolism of

“oxygen by the cell,  The wost obvious cause would be the effect of endotoxins

elaborated by the colifcrm bacteria, The biochemical changes in the OHP

group after the first hour br.came more severe than the controls. The reason for
this is not clear. The posc.bility of oxygen toxicity does exist., This is

suggested In the failure to maintain the compensatory tachycardia, which was maintained
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or increased in the control group. Howsaver, in another study we demonstrated
OHP at 3 atm to be of significant henefit in hemorrhagic s.hock.6 While
hypoxemia is a signmcant. problem in both‘hemorrh‘agic and bacteremic shock,
the mere inc;ease in oxygen to the cell ié not sufficlent to prevent irreversi-
bility in the latter problem.

The crux of the difficulty probably lies with the effect of the toxins of
micro8rganisms upon homeostasis-including the host defense mechanisms,

Gram nryative coliform bacteria are essentially aérobic and grow abundantly

in atmospheric afr. In th;zse experiments exposure of the septic animal in the
6HP chamber leads tp a higher concentration of o.xyqen available not only to
the host, but also to the bacteria. This increased oxygen very likely permits
aore luxuriant growth of the offénding micro8rganisms, and hence an increased
elaboration of eadotoxins. This increased release of endotoxin can overcome
whatever difference may have been gained by the increased availability of
oxyg'en to the host.

It has been demonstrated through in vitro studies that OHP inhibits bacterial
growth, while air at higher pressurer does not.ll The important factor is high
oxygen tension with the increused pressure secondaty.w In the intact animai
the total OHP effect is not direct but transmitted through the tissue and, therefore,
is likely reduced. Current studies in our Laboratories are being directed to .
this problem. The al;domen is opened to permit the development of a higher

pressure into the peritoneal space prior to exposure to OHP. Through this

maneuver the pressure in the peritoneal cavity soon becomes equilibrated wiin
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“the bressure in the chamber -- essentially 3 atm. Under these circumstances

preliminary studies indicate the survival period is slgniﬂcahﬂy brdlonged over
that of the control animals, or in the ORP group with the abdomen intact.

However, it is important to point out that all of these animals have succumbe
|

"also. These studies suggest OHP may not be of value in the treatment of

bacteremic shock pgr se, But emergen y surgery in the face of generalized
peritonitis in an OHP chamber may prove valuable.
Another serious problem which requires further elaboration, of course, is

the effect of OHP itself on the normal physiology. Oxygeh toxicity is character-

ized by disorders of the brain and of the lungs pﬂmarily,.12 Convulsions maJ

occur and pulmonary edema has b.een reported in animals as well as in man,
However, these effects occur as a rule only in prolonged exposure, or at ,‘
|
pressures hl'gher than 3 atm. ; , {;
Bradycardia is a characteristic feature of OHP.!12 Between 3 and 4 atm afcia
base balance and blood chemistries werz not found to be greatly altered in .

13,14

experimental animals. According to Behnke OHP at 3 atm for 3 hours |

is aafe for man.}? i
SUMMARY
Gfam negative coliform béétéiémlc shock was tnduced in dogs by insull(a-
tion of a saline suspension of feces into the peritoneal cavity. The patho- !
physiologic picture is similar to the clinical syndrome and is characterized $y
hypotension, tachycardia, wide A-V oxygen difference and metabolic acidosls.

One group of 10 dogs served as controls and another equal number were ticated

with OHP at 3 atm. The mortalitywas 100% in both groups with no differenc‘e

t

|

|
3
|




.. 9L/

-8-

in survival time. The increased available oxygen apparently failed to alter
the outcome. A suggested series of events seems to be a paradoxical effect,
with enhancement of bacterial growth and endotoxin procuction, which over~

comes any possible benefit of OHP to the host. Inhibition of bacterial growth

may not be obtained in the intact animal due to loss of maximum OHP effect.
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Table 1, Cumulative Death Rates

Bacteremic Shock Bacteremic Shock + OHP

Hours* Total % No. "o Total %

* From time on innoculation,
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THE EFFECT OF HYPERBARIC OXYGENATION (OHP)
ON BACTEREMIC SHOCK

{Abstract)

E. Blair, M. D., R. M| Ollodart, M.D., G. Henning, S. Attar, M. D.,
W. G. Esmond, M. D.| R A,Cowley, M. D. ’ o T

Assuming normal utilization, oxygenation ~f tissue is a function

of the amount of oxygern needed and the amount available. Bacteremic

" shock is characterized by tissue oxygen deficit due to reduced peifusion,

Oxygen at 3 atmospheres absolute elevates arterial oxygen content from
about 20 to 26 volumes per cent. The increase is principally in the form

of physically dissolved oxygen. Therefore, oxygen availability to the

tissue should be enhanf:ed and ihe hypoxia relieved.
|
Gram negative bacteremic shock was induced in 2 groups random-
ized chloralozed dogs by intraperitoneal instillation 6f feces. The shock

state was characterized by: hyperpyrexia, hyporeflexia, hypotension,

tachycardia, hyperpne&, reduced cardiac output, widened atriovenous (A-V)

i
oxygen difference, normal or elevated oxygen consumption, normal arterial
1 .
1
oxygen saturation, lowf or normal carbon dioxide content and metabolic acidosis.

All of the anlrﬁals in the control group were dead within 6 hours.
f

The OHP treated group :showed an lﬁiﬂal improvement, manifested by some

decreas2 in A-V oxyger{ difference. However, these dcgs expired in about
I . :
the same period of tlmef.

The reason fm" failure of OHP to improve on the moi1*~1ity i3 not

known. Several iactonj‘s may be responsible., (1) Oxygen toxicity is a

|
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" potential hazard and may have neuiralized any initial benefits. However,

we have demonstrated OHP treatment of hemorrhagic shock to be highly

effective. Elevated temperatures increase oxygen toxicity, but the chamber

temperature was controlled. (2) Adrobic bacteria ..curish in a highcr oxyge
environment. OHP may further enhance growth and toxin formation,

(3) OHP may have a deleterious efisct on the rat aloendothelial system.

3




THE UTILIZATION OF HYPERBARIC OXYGENATION
IN HEMORRHAGIC SHOCK IN DOGS

: ] ‘ RA. Cowley, M.D.. S. Attar, M.D., W, Esmond, M.D.
7 ) _ and E. Blair, M,D. :

The beneficial effects of administration of high concentration

" of oxygen in various states of shock were recognized as early as 1939. Boothby, . i

 Mayo énd'[’.ovelacez"advocated the inhalation of 100 per cent oxygen in shﬁck
aegociated with trauma, surgical collapse, pulr;lonary embolism, septicemia
following peritonitis, and éneroblc infections. »

In 1940, Wood, ‘Mason and Blalock7 producea hemorrhagic shock in
inhalation of 106 per ce;nt_ §x§§én for only fiffeen minutes increased the arteral
and venous blood oxygen content, and the blood pressure rose 6 mm of mercury,

. The effect of more prolonged oxygen therapy was not reported. In 1341,
Schenedorf and Orr6 demonstrated that inhalation of 100 pef cent oxygen
enable_s the treated dogs to tolerate 15 per cent greater blood loss, and 17 per
cent increase in the survival time over the control dogs. In 1962, Manger

and Hahass demonstrated an increase in the survival raté of shocked dogs

.7 from 10 per cent breathing room air to 70 per cent by the combination of
pH control and inhalation of 100 per cent oxygen.
3
In 1960 , we produced irreversible hemorrhagic shock in 45 dogs by

means of the Fine technique, of these dogs, 25 were used as controls, while

the remaining 20 were perfused with the pump oxygenator at the end reinfusion
. . |
Y From the Division of Thoracic Surgery, Department cf Surgery, Univergity of

e L Sy o —-e—-—-Maryland School of Medicine, Baltimore, Md. |
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when the blood pressure dropped io 80 n.. Hg., their perfusion being
maintained at this pressure for one hour. The average survival time of thé
perfusion group was increased almost three times that of the control (from
2 hours 24 minutes to 6 hours 52 minutes), A concomittent improvement
was observed in the blood chemistries studied. This was attributed to
the impreved oxyéenation of hypoxia tissues, althorth the irreversible
trend could not be altered.

In order to continue our studies on tl;e effect c;f improved tissue
oxyycnution on the survival of experimental animals in hemorrh'agic shock,
a mudification of the Fine preparation was developed.that proved more suit-
able for éssessment of various therapeutic measures, including hvperbaric
oxygénation (onp).

MATLRIALS AND METHODS

Five groups of animals were studied:

Group A - Control - Hemorrhagic Shock ~ Room Air

Group B - Hemorrhagic Shock - High pressure oxygen (OHP)

Group C ~ Gontrol - OHP ‘

Croup D - Hemorrhagic Shock - koom Air - THAM

Group E ~ Hemcrrhagic Shock - OHP - THAM

The control shock grous breathing room air {Group A) comprised
35 dogs, averaging 9.15 Kilogrqrﬁs in weight. One hour piior to induction
of bleeding, each antinal was given morphine sulfate (1.5 mgm per k':llogram
of body weight) by the intramuscular route, All dogs were heparinized using
2 mgm per kilogram of Lody welight of aqueous heparin intravenously, Both

femoral arteries were cannulated using one per cent procaine anesthesia

-2-
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returned to the cages.

94/

locally; one was connected with the elevater reservoir, the other with a
mefcury manometer. Bleeding was accomplished via the femoral artery
cannula; and the blood entered an elevated heparinized reservoir, the
height of which was adjusted to 40 cm above the auricular level, the blood
pressure being maintained at 30 mm Hg, After the maximum pleed-out was
reached (46.0 cc per Kg body weight), there was a spontaneous uptake
averaging 26.7 per cent of the shed blood. A mea.. arterial pressure of 30
mm Hg, was mai‘ntaivned for 2-1/2 hours after which the shed blood was

reinfused slowly, The -Jogs were observed for several hours before being

Group B, which was treated with high pressure oxygen, consisted
of 25 dogs as)eraging 12.6 kilograms in weight. Shock was produced by
hemorrhége in a fashion similar to Group A, The average bleed-out volume was
49,7 cc peif kilogram of body weight. After the dogs had stabilized at an
arterial pressure of 30 mm Hé. for 30 minutes, they were discom{ected from
the reservoir and introduced into the oxygen chamber, where a pressure of 3

atmospheres absolute was obtained using oxygen as a compressor medium,

Compression and decompression were gradual, each requiring 15 minutes, the
total compression period being equivélent to the duration of shock in Group A,
Group C consisting of 13 dogs comprise@ the control grouv subjected
to high pressure oxygen under morphine narcosis at 3 atmospheres for 2~1/2 hours.
Group D comprised six dogs that were subjected to the same hemorrhagic
shock preparation as Group A. However, the énenal p!-; was monitored and after .
reinfusion of the shed blood, it was corrected using a buffer solution c;\ntaininé 02

M Tris (hydroxymethyil) aminomethane and 0,05 M NaHCO,,

l3-
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Grodp E comprised of five dogs which wzre subjected to the shock / ‘

preparation used in Group A, The metabolic acidosis was corrected with
THAM buffer solution after relnf‘usion of the shed blood, and then the animals’
were treated with high oxygen pressure at 3 atmospheres for 2-1/2 hours. The
average bleed-out volume in this group was 49.7 cc per kilogram ai body waight,
Arterial, venous, and mixed venous bleed samples wére drawn before
hemorrhage, with the dog in shock prior to intrc .ction into the chamber,
immediately after decompression, and one hour after reinfusion. The samples
were examined for pH, CJO2 content, hematocrit, lactic acid, and oxygen
saturation, PCOZ and plaéma bicarbonate were caiculated from the Singer and
Hastings nomogram. In some dogs, tissue oxygen tensions were determinéd
and recorded conﬂnuously by way of the Clark needle electrode inserted in
either muscle or liver. All dogs that died within 96 hours after the procedure
were autoi:sied. Gross and histologic ‘secﬂons were obtained. Those sur-

viving longer were sacrificed at various intervals,
THE OXYGEN CHAMBER
The pressure chamber used in these experiments was described else~

) 1
where in details( ). It consisted of a converted autoclave, 17 inches in diameter

and 4 feet in length. Accumulation of carbon dioxide was prevented by constant

' flushing of oxygen at the rate of 10 L per minute. Arterial blood pressure,

rectal temperature, electrocardiégram and oxygen tensions were monitored

through appropriate cables leading from the chamber.

| SIOLOGIC DATA

Body temperature was observed to drop an average of 2,5°C 1: the -
hemorrhégic shock group breathing room air (Group A). In the OHP group, there

was an average increase of 1°C although marked hyperthermia (4 1°C) was seen

-4-
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in hyperactive and convulsing animai 2xposed to OHP. Marked tachycardia

was observed in Group A, which increased during compression in Group B,
whereas bradycardia was noted to occur upon compression of normal dogs to
OHP (Group C). This trend was reversed by dccompres.sion and reinfusion of
the shed blood.

V In Group B, the arterial Slood pressure rcse an average of 25 mm Hg.
immediately upon compression, and remained elevated until reinfusion. This
phenomenon was not observedlln tﬁe dogs which did not survive; on the con-
trary, hypotension below 30 mm Hg. was a constant feature.

The electrocardiographic changes seen after bleeding included a
change in the configuration of the P waves, with a marked decrease in th‘e )
amplitude of the QRS complex, During exposure to OHP, a dep.ression ot the
ST segment was constantly observed, the T wave becoming tall and sharp. A
trial fibrillation and atrioventricular dissociation was occasionally seen, Three
dogs developed ventricular tachycardia followed by ventricular fibrillation and
death one hour after compres-‘on at 3 atmospheres absolute, Al changes in the
various complexes of the electrocardiogram reverted toward normal after de-
compression and reinfusion.

An average decrease in respiratory rate ayr.nount.lng to 50 per cent L
of the base line was noted in Gro;xp B during the compression period. However,
hyperpnea was noted upon decompression and reinfusion amounting in some
instances to 300 respirations per minute, which required few hours before re-
tumln.g to baseline levels.

The muscle oxygen tension was found to drop significantly from 36 to

10 mm Hg. during shock. In the oxygen chamber, the tension rose to about 100

-5
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mm Hg. and then stabilized at 50 mm 4g. to drop back to normal after decom-

pression. The oxygen tension of the liver showed a lesser drop in shock. There
wés an immediate rise to 100 mm Hg. as soon as the chamber pressurized, but o
it then stabilized at 40 mm Hg.
BIOCHEMICAL CHANGES

" The blochemical changes seen in the hemorrhage shock group (Group A)
were those of metabolic acidosis, secondary to hypoxia of the tissues, and
anerobic metabolism. There was a marked fall in pH, a;teriél and venous oxygen '
saturation, a decrease in bicarbonate, »nd a marked increase in lactic acid,
In Group B and C the oxygen saturation showed a definite increase in the arterial
blood. The oxygen sat‘uration. of the mixed venous blood was not measured in |
the chamber; however, it was moderately increased 1mmediatel§ after decom-~
pression. The arterial PCO, was observed to drop in both groups after exposure
to QHP. The mixed venous PCO_Z increased at the end of decompression in the

shock group treated with OHP, whereas an opposite charige was seen in the

_control group (Group C). |The lactic acid showed a marked increase in Group B

and C during exposure to/ ’HP, with reversal to normal values after decompression
1
{11

and reinfusion.

From our ex;inerllnce‘;vnlrth hélrnorfh-agiic'shdck, it became apparent that o
most of the deaths occur within the first 24 hours of termination of the experiment.
Very rarely some dogs succumb within 24 to 48 hours. Therefore we considered
dogs surviving 48 hours or longer as long term survivors, In the ~ontrol group

bréathlng room air (Group A) five dogs died of cardiorespiratory arrest early in the

-6=




ea_(periment before reinfusion of the she . blood. These were considered

-

incomplete experiments and were excluded. Of the remaining 30 dogs,
23 died within 24 hours, and 2 digd 2 days after the procedure. Only §
were long term survivors which gives a survival rate of 17 per cent.

In Group B which was shocked and treated with OHP, 6 dogs
were excluded as incomplete experiments, § Vdied within 48 hqurs, 2 withiﬁ
96 hours and 12 were long survivors. We believe that with better care the

"animals that died within 96 hours could have been savéd. The survival rate
can thus be considered significantly increased from 17 to 74 par ceint.

In the OHP control group (Group C) five animals were excluded for
technical reasons (fatal heﬁxoxrhqg. . etc) of thg remaining 8, 6 survived and
were ultimately sacrificed. All animals that were treated with .THAM d.ed
within 5 to 7 hours after reinfusion.

Plnally. in Group E only 2 dogs were long term survivors,
DISCUSSION

Since the oxygen requirements of the tissues in shock remain the
same, but the oxygen delivery and utilization are impaired, an oxygen debt
develops averaging from 60-100 cc 02 per kilogram of body weight, When this
debt exceeds 120-130 cc O per kilogram, irreversibility develops. At one

N atmosphere pressure about 20 cubic centimeters of oxygen are carried combined
with hemoglobin in each 160 cubic centimeters of blood, and 0.3 cubic centi-
meters of oxygen is carried in simple physical solution in thé plasma, At

three atmospheres, the. physically dissolved oxygen is increased to 6.6 cubic

» A 9S8/

centimeters and can provide all the cxygen requirements for cellular respiration,
Therefoie the tissues can survive despite the lack of oxygen carried through the

-7-
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red blood cells. This is amply demonstrated not only in the survival rate of the

treated animals, but also in the {mprovement of the physiological and biochemical
determinations reflecting the salutary effect of OHP at the intracellular level.
Despite the beneficial effect of OHP, this method of therapy carries

the risk of oxy jen polsoning‘. The fundamental disturt ice in the latter is th~

. ‘ereversible oxidation of respiratory enzymes, especially those with sulfhydril *

gl;oup. In the experiments reported above, only 2 d s from Group B (shock »and ]
OHP) demonstrated oxygen toxicity. One convulsed during compression and
died of respiratory failure upon decompression; the second developed paralysis
of the hind legs after compression, but survived. For the control OHP group
{Group C), dxygen toxicity occurred more frequently. Three dogs developed
convulsions, hyperpnea and hyperthermia, and at autopsy demonstrated exténsive
hemonhaéic lesions in the heart and lungs,

The rationale behind the use of THAM in Group D and E was not'only
to correct acidosis secondary to hemorrhagic shock, but also to protect the
animals against oxygen toxicity., Bean demonstrated the efficacy of THAM in
buffering tissue PCO,, delaying‘the onset of the oxygen seizure, and decreasing
thgi: ihcidelmce and severity. Oxygen toxicity was not encountered in Group E
although the series is too small to be slgn._lﬁcant.

SUMMARY AND CONCLUSION

' High pressure oxygen at three atmospheres has been found to alter the -

vm'eversible stage in hemorrhagic shock and increase the survival rate from 17

per cent in the control group to 74 per cent.

The beneficial results are attributed to the increased amoung of nhysically

dissolved oxygen which maintains the oxidative processes at the cellular level

despite reduced oxygen transpert by hemoglobin,

~8-
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EXPERIMENTAL ASPECTS OF THE USE OF HYPERBARIC
OXYGEN IN HEMORRHAGIC SHOCK

Safuh Attar, M.D., William G. Esmond, M.D., R. Adams Cowley,l M.D.
Oxygen inhalation at 1 atmosphere pressure was demonstratéd
to be beneficial in staies of shock by Boothbyz, Wood and Blalock7,
Schenedorf and Orre, and recently by Manger and Na.i..lss. Since thc;
oxygen requirements of the tissues in shock remain the same but the
oxygen deuvexgy and utilization are impaired, an « rgen debt develops
avéraging from 60 to 100 cc Oz/kg body weight. When oxygen debt |
exc2eds 120-130 cc Oz/'kg irreversibility develops". At 1 atmosphere
pressure about 20 cubic centimeters of oxygen are carried combl;u'ed
with hemoglobin in each 100 cubic centimeters of blood and 0.3 cubic
centimeter of oxygen is carried in simple physical solution in the plasma.
At 3 atmospheres the physically dissolved oxygen is increased to 6.6
cc, and can provide all the oxygen reguirements ior cellular respiration.
Therefore, the tissues can survive, despite the lack of oxygen cardea
through the red blood cells, or in other words, the loss of blood in
hemorrhagic shock can be compensated for by phycsically dissolved
oxygen. To test this hypothesis, hyperbaric oxygenation was utilized
in the treatment of hemorrhagic shock, studying its effects on the

kiochemical changes as well as survival rate,

" From the Division of Thoracic Surgery, Department of Surgery University

of Maryland, School of Medicine, Baltimore, Maryland. Supported
by U.S. Army Research and Development Command Contract No. DA-
49-193-2229 and in part by U.8, Public Health Service Grant H2618 (CS5).




-y METHODS

Sixty mongrel dogs averaging 11 kg were used in this study.
'I’hirty‘-flvé dugs (Group A) comérised the control shc;ck group, bre-
athing air at atmospheric pre)§s'vure. Twenty-five dogs (Groﬁp B)
were subjected to hemorrhagic shock as in Group A and treated with
high pressure oxygen (OHP). Morphine sulfate (1.5 mgm/kq) was
given intramuscixlarly 1 hour prior to induction of shock. All dogs
were heparinized using 2 mam/kg body weight of aque.ous heparin
intravenously. Both groups were bled to a mean arterfal pressure
of 30 mm Hg. This pressure was stabilized within 30 minutes while
breathing room air. The shed blood averaged 46 cc/kg in Group A
and 49.7 cc/kg in Group B. Group A remained in shock for 2' 1/2
hours after which the shed blood wés reinfused intravenously. Dogs
in Group B were disconnected from the blood reservoir and introduced

into an oxygen chamber where a pressure of 3 atmospheres absolute

was ob!air;ed u;lrig oxygen as a compression medium, Compression

e ‘
and decompression were gradual, each requiring 15 minutes, the
total sompression period being equivalent to the duraticn of shock
in Group A.

In the majorlty of these pressurized experiments no facility

was available to reinfuse blood into the shocked dogs when their

#.57.

blood pressure dropped below 30 rﬁm Hg. In later experiments, it

was possible to reinfuse blood from a small chamber pressurized to

[ 2

3 atmospheres. In a few dogs samples of mixed venous blood were

obtained via a cardiac catheter introduced through the jugular vein.
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Arterfal, venous and mixed venous bl.od samples were drawn before
hemorrhage, in shock prior to compression, lmmédlately after de-
compression, and 1 hou.r after reinfusion. Blood was examined for
pH, Cbz content, hematocrit, lactate, and oxygen saturation, PCO,
and plasma bicarbonate were calculated from the Singer-Hastings
nomoqgram.

THE OXYGEN CHAMBER? (Fig. 1) -

k The él;émbex; usedin these ékpérlméhts consists of a modified
autoclave 17" diameter and 4"1n length. A plexiglas window in the
autoclave doér permitted monitoring of the arterial blood pressure from
a mercury manometer. Oxygen is provided from a standard pressure
cylinder through a reducing valve that can supply. gas at any ideshed
pressﬁre. The chamber is also provided with an exit vent pipe which
contains a spring loaded pop-off valve designed to prevent pressure
rise above 30 pounds/square inch. ‘
RESULTS |

Body temperature was obsered to increase an average of 1° (o]
in the pressurized group, compared to a drop of 2.S° C in the hemo-
rrhagic shock group. Pulse rate increased rapldly in both .groups during

.

the hypotensive period, although bradycardia is the normal response

. to compression at high atmospheric pressures, In Group B the blood

pressure rose an average of 25 mm Hg immediately upon compression

and remained elevated till reinfusion. This phenomenon was n.*

observed in the dogs which did not survive; on the contrary hypotension




-
below 30 mm Hg was a constant feat.« . An average decrease in
respiratory rate amounting to 50% of the baseline was noted in o !

Group B during the compression period. However, hyperpnea was

__ noted upon decompression and reinfusion amounting in some in-

~ stances to 300 respirations per minute, which reﬁulred few hours
kefore returning to baseline levels.

o Time biochemical chanjes are summarized in (Fig. 2). Al-

though a significant drop in pH was seen in both gr'o".xps, the a ]-

erial pH in the OIIP grcup 1mprovéd at the ind of compression, ' nﬁ

i
all values returncd to normal after decompression and reinfusion.

The oxygen saturation showed a definite increase in both arterial

and mixed venous blood which would havé been significantly higher ' ' !

had thg samples been obtained during the compression period, ’ratlfner » |

than immediately after decompression. These resuilts cohtrast with

Group A breathing room air during the shock which had lowering

of O3 saturation and a marked increase in A-V oxygen differenc‘e.A The

{ : bica:bonate levels dropped in both groups during shock and OHP' The
-arterial PCO2 was observed to drop after exposure to OHP, although
the mixed venous blood showed a marked increase. The lacticf

~ acid was markedly increased in both groups wlth‘ reversal to nJ)rmal

values after ciecompression.

Figure 3 summarizes the survival rate in both groups. In

the control group, 5 dogs were incomplete experiments, 23 died

. . : . within 24 hours, and 2 dled 2 days after the procedure. Only 5

- were long term survivors giving a survival rate of 17%. In the




high pressure oxyjen group 14 surviveu 48 hours after the pr

25/
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ocedure

giving a survival rate of 74%.

DISCUSSION

Schenedorf a-\d O demonstrated that inhalati~n of 100% oxygen

enabled the treated dogs to tolerate a 15% greater bloou loss, and 17%

increase in the survival tlme'over the control doge  Muager et al de-

monstrated an 1ncrease in the survival rate of shocked dogs from 10% A

breathing room air to 70%, by the comblnatlon of pH control and

inhalation of 100% oxyJjen. Qur experiments demonstrate clearly

the beneficial effects of high pressure oxygen on the trreversibility

of hemorrhagic shock. This effect must be sought at the cellular

level. The main role of oxygen is an electron acceptor, In ihe cell-

ular oxidative processes appmxxmately 30 substrate specific dehydro-

genases start the chain at the reducing »nd near the substrate, They

are followed by flavopioteins and cyotchromes. The terminal oxidase

transmits electrons to oxygen. The resulting oxygen can react with

hydrogen fons to form water. Through these oxidative processes

energy is liberated and utilized to convert adenosine diphophaste to

adenosine tribhosphate.
Despite the beneficial effects of high pressure oxygen, this

method of therapy carries the risk of oxygen posioning. The fund-

amental disturbance in the latter is the irreversible oxidation of

respiratory enzymes, especially those with sulfhydril groups, ™ the

experiments repc:ted above, only 2 dogs treated with ORP demonstrated

oxygen toxicity. One convulsed during compression and died of

respiratory failure upon decompression, The second developed para-
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lysis of the hind legs after compressic.~ Sui survived. The develop~
ment of congestion and hemorrhage lr.1 the heart and lungs frequently
seen after exposure to high pressure oxygen was not seen in the shocked
animals treated with OHP. The degree of necrosis and congestion

seen in sections of intestines, liver, and kidneys of shock dogs who

died after OHP therapy was less marked both grossly and microscop-~

ically than lesions seen'in ;hock dogs who succumbed breathing room

air. However, the degree of 6xygen toxicity is a function of time of

cxposure ¢ nd degree of compression.' A period of exposure of 3 hours -~ ...
at 3 atmospheres is well tolerated, since the changes it produces

are rapidly reversible; however, exposures at 3 atmospheres or higher

for 4 hours or longer produces‘ irreversible changes, though species

variations exist.

SUMMARY AND CONCLUSIONS

Oxygen breathing at 3 atmospheres has been found to check
the irreversible trend in hemorrhagic shock and Increase the survival
rate from 17% in the control shock group to 74%., The beneficial e
results of OHP are attributed to the increased amount of physically
dl;solved oxygen which maintain the oxidative processes at the

cellular level despite recuced oxygen transport by hemoglobin.
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HYPERBARIC OXYGENATION (OHP) iN [4ASSIVE PULMONARY BMBOLISM*

S. Attar, M,D,, F.C.C.P,., G, Gutletrez, M.D,, W, Esmond, M,D,,
E. Blalr, M.D,, and R, A, Cowley, M,D., F.C.C.P.

There has been a revival of mterest in the treatment of pulmonary
embolism since Cooley and Bealll reported the first successful pulmonary
embolestomy using cardiopulmonary bypass in 1961, Amurd the same time
hyperbaric oxygenation (OHP) was found beneficial in anoxic states, such

" as carbon monoxide polsoning, peripheral vascular insufficiency and

vascular collapse, Since arterlal desaturation and tissue e‘moxia constitue

the main sequelae of massive pulmonary embolism, an experimental model i
, was designed to shﬁu.late the clinical picture and study the effects of QOHP
' ' on the blochemical, elecﬁ'ocardlographic changes, and survival rate of
such a model, In addition, embolectomy using cardiopulmonary b&pass
was evaluate_d as a definitive therapeutic measwua for pulmonary embolism, /

MATSRIAL AND METHODS

Various substances and methods héve been usad to reproduce
pulmonary embolism experimentally, In most instances, foreign material
has been used: Barlum suilfate, lead phosphate agar, lucite (methyl
methacrylate) spheres, Penrose drains, glass beads, starch granules,

i . amniotic fluld, fiiter paper, cotton fibers, lycopodium spers, seeds,

From the Division of Thoracic Surgery, Department of Surgery, University
of Maryland School of Medicine, Baltimore, Maryland,

Supported by U,S, Army, Research and Development Command, Office

of the Surgeon General, Grant DA~49-193-MD~2229, and in part by
U.S, Public Health Service GRants HE 06154~03 and H2618~C7,
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respiration are well known to warmrant further discussion,

2

2
wax, autogenous fibrin, etc, Besides, yerneral anesthesia utilizing

pentobarbital was used uniformly, We believe these 2 factors modify the

experimental model to such a degree that it does not represent any more
the clinical picture als it occurs spontaneously, Nash° dempnstrated a
s:lgniﬂcént fall in ca c outputs amounting to 44% of contrpl values , in
4ogs subjected to thd usual anesthetic dose of 301 ,/kg.
ol
pentobarbital, In addition, the depressant effect of barbituates on
erefc.n'e, we
decided to use fresh blood clots andvlocél anesthesia, ~two mongrel
dogs with an avemqe weight of 11 kilograms were mildly senlated with
morphine sulfate, 1.5 mg,/kg. body weight, given 2 hours Lrior to the
injection of the clot. Aseptic technique was observed thro\lghout the
procedure, Under 1¢c$1 1% procaine anesthesia, the right c“amtid artery
and external jugular veins were cannulated for monitoring al‘terial pressure,
central vénous, or pulmonary artery pressures, and inj ectijn of the clot into
the right side of the heart, The clot was made by aspirating blood 2,3
cc/kg. body wéight éﬁd allov;dng it to stand for 1 hour in a polyethylene .
tubing 1/2 inch wide, The latter was then connected snugl.y to a Bardic
catheter (No. 16-16) already inserted in the external jugulal vein, and the
clot injected manually using a 50 cc syringe filled with sal\ine. The -
electrocardiogram was also monitored during the procedurel Arterlal and
mixed venous blood samples were drawn before mjectloh o§ the clot,

immediately after injection, and at intervals thereafter depfnding on the
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fate of the animal, The samples were e.amined for pH, (JO2 content,
hematocrit, lactic acid, pyruvate, and oxygen saturation, PCO, and

plasma bicarbonate were calculated from the Singer and Hastings nomogram,

THE OXYGEN CHAMBER

The animals treated with OHP were cannulated as in the control

group, fastened to a wooden board and introduced i*o the pressure éhamber.

After injection of the uiui, the chamber was pressurized with oxygen to
3 atmospheres absolute within § minutes; they were maintained under
pressure for about 15 minutes after which they were decom;'n'essed
‘gradually, The total time of exposure to OHP was 30 minutes or shorter,
depending on the outcome of thémpy. |

The pressure chamber used in these experiments consisted of a
converted autociave, already described in detail in a previous pufolication“.
RESULTS

The control group as well as the high pressure oxygen group
consisted of 16 dogs each,
A, Hemodynamic cha es, (Fig, 1)

According to the changes in the mean systemic arterlal pressure,
4 patterns were discernible: o o ) S

Pattern I, A moderate to m;xrked rise which occurred within 15
seconds of clot injection, remained sustained for a few minutes, and

then returned to preelot levels within 5 minutes,

Pattern 1I, A moderate drop down to 40-60 mm, Hg. within seconds

of clot injection, which was not sustained, but returned to baseline
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levels within 2 minutes, Pattern m. 2n .astantaneous drop to zero levels .
which never recovered, Pattern N. A gradual drop to nonrecordable
pressures which remained sustained for about 2-3 minutes followed by a
marked rise to hypertensive levels which gradually returr«d to pre~clot
levels,

" It was possible t}'i measure the central venous ‘CVT} or pulmonary
pressures (PAP) in the control group, whereas in the OHP group measurements
of the GVP or PAP were not possible while the animals were in the chaml\:er.

An immediate and marked rise was observed in the CVP, right ventricular

pressure and pulmonary artery pressure upon injection of the clot

-slmultaneously with a marked drop in the carotid arterial préssure as illustrated

in Fig, 2, In the animals ‘that survived, the pressurevs were reversed
toward their normal values within 2/ minutes, In the animals that died
the CVP and PAP rose hnmed.i.ate)& above 75 mm, Hg, %ﬂe the carotid
artery pressure dropped significantly, This trend continued for 3-4 minutes,
after which both pressures dropped to zero levels,
B, Electrocardiographic changes,
Most of the animals exhibited sinus bradycardia and arrhythmia

prlor to clot injection whlch was attributed to morphine, Upon injection

of the clot, sinus tachycardj.a appeared with frequent premature verxtrlcular

systoles, Marked ST depression appeared with inversion of the T wave,
f\trlal fibrillation was occasionally seen, Terminally, nodal or idioventricular

rhythms appeared which ended in ventricular fibrillation or cardiac ~~est,
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In the control animals that survived .he same electrocardiographic

chan_ges appeared after injection of the clot; these persisted for about

4 3-4 minutes, then returned gradually to the preclot pattern,

In the OHP group, sinus tachycardia, ST depression, varying
degress of AV block ;with peaked T wave appeared within seconds after
ciot injection. However, in 2-4 minutes as the pressy.\té was built ﬁpr
to 3 atmospheres, bradicardia appeared, the ST depression returned t6
J.soelectrlc levels and the EKG returned to normal pattems in the surviving
animals, In one Interesting experiment illustrated in Fig, '3 ¢ St segment

became depressed 20 seconds after the impact of the embolus, and

" idioventricular rhythm appeared 1 minute later, OHP was started 2

minutes after injection of the embolus, A notched P wave appeared with
marked depression of the ST segment. In 4 minutes, a normal ele&o-
cardiographic pattern reappeared, The tank ran out of axygen, how .ver,
and the pressure within the tank could not be maintained because of
leaks, Within 6 minutes, the T wave became flattened, and in 8 minutes
the ST segment became elevated, The dog developed complete atrié—
ventricular block with 1d19ventr1cular rhythm in 10 minutes,
C. Blochemical changes.

Significant reduction in arterial and mixed venous oxygen
saturation associéted with a decrease in pH, elevation !n lactic acid

and a decrease in PCO3, (though became elevated terminally) were noted

in the control group that did not survive, (Figure 6) Similar but less
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striking changes were observed in the contrel group that survived, A
tendency towards normal values was observed in the recovery period,
(Figure 5)

The blochemical changes observed in the OHP , oup were remarkahle
in the absence of arterial and mixed venous oxygen desatuxjation. The
mixed venous blood was briéht red and oxygen bubb’ 3 developed as
soon as the samples were exposed to atmospheric ajr, The changes in pH,
PCO3, and lactic acid as illustrated in Figure 6 reflected adequate oxygenatlon
of the tissues, in contrast to the anoxic and acidotlc changes seen in
the control group, |
D, Survival rate,

Of the 16 animals comprising the control group, 8 survived giving
a rate of 50%. Among the 16 animals treated with OHP, there wers; 5
fatalities with 11 survivors, giving a rate of 69%. Although the series is
too small to make the difference in survival rate statistically signiﬁéant,
further analysis of the data sheds more light on the value of OHP, From
a hemodynamic point of view,‘animals exhibiting Patterns I and II would |
have survived without any therapy, There were 7 controls and 2 OHP in those
groups, all of which survived, Those an:lmals which exhibited marked
systemic hypotension rarely recovered. In this study (Patterns III and IV)
9 controls and 14 OHP dogs followed that pattern, There were 9 survivals -

In the OHP group and 3 in the control group, giving a survival rate of 64% in

the OHP group compared to 33% in the control group,




DISCUSSION

Despite a large amount of experimentation much controversy : \
R . - .stlll exists regarding the mechanisms operating after a massive pulmonéry

embolus, Niden and Aviados using glaés beads to pr~iuce pulmonary

embolism concluded that at least 3 components were respons!.ble'for the -

hemodynamic changes (1) primary mechanical obstr stion of the vessels

. which produces the immediate rise in pulmonary artery pressure, (2)
secondary local vasoconstriction, (3) vasoconstriction extending to the

other lobes, Williams 6 utilizing the same technique of glass spheres

and isolated perfusion of the left lower lobe concluded that the hemodynamic
) : ' effects were due to mechanical obstruction to the flow of blood through
the lurgs and were eventually followed by right heart faflure, Nelson

and Sm.lth7 found insufficient evidence that neurogenic reflexes play any

role in massive emboiism, Ser<:>tonm8 (5-hydroxy~tryptamine) has also
been implicated in the production of pulmonary hypertension and systemic
U hypotension, since it produces these same hemodynamic changes when

injected intravenously and is present in the blood clot and possibly in

the lungs, Parmley, North and Ott9 stated that the cause of severe but
potentially reversible systemic hypotension appeared to be due to a
combination of factors including a decrease in cardiac output and reflex
changés that influence the systemic arteriolar resistance,

Despite this controversy regarding the pathophysiological

27/

mechanisms of massive pulmonary embolism, there is a unanime.s
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aqreeme‘nt about the resulting peripheral arterial desaturation, anoxemia, )
and the beneficial effects of oxygen, In 1936, Gibbon and Churchmlo :
found that when 86 per'cent of the pulmonary vascular bed was occlﬁded,
there was a fall m‘ systemic blood pressure and a profound decrease in
the oxygen saturavion of the atierial blood resuiting in cie::h. Inhalation
of oxygen increased the oxygen saturation of the blood and maintained
life of the animals, According to Binqeru this arterial desaturation was
brought about by the congestion of the pulmonary vessels and the rapid
flow of blood resulting in impaired diffusion of oxygen into the blood,
In 1939, De Ta:katslz et al produced fatal pulmonary embcli by the
injection of 2 cc, of an emulsion of potato starch into the ﬁentral vein
of the ear of the rabbit, When oxygen was administered through a
tracheal tube, it reduced the dyspnea and protected the whole serles
from death, -

Niden and Aviados considered the anoxemia a potential cause
of death and a reasonable direction for therapeutic intervention, The
average fall in arteriai oxygen content after embolization in 12 dogs
amounted to 3 volumes per cent, The fall was often maximal within
5 minutes after embolization, and was considered too soon to be produced

by a change in the permeabllity of the alveolar membrane, Forced

ventilation with air did not appreciably alleviate the anoxemia, but

administrution of 100 per cent oxygen led to prompt and complete re~~val
of the anoxemia, This relief, however, could not be maintained for
more than about 30 minutes after which anoxemia reappeared and the

animals died despite continuous oxygen administration, From their
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perfusion eéxperiment they concluded that pulmonary arterlovenou»s communications

existed and were at least 420 mlcronin‘slze. Ventilation of the lungs
with 100 per cent oxygen decreased the number of these communications
while 10 per cent o‘xygen increased it, Wul.iams6 noted a 35 per cent
fall in o;cyt;en saturation in 31 experiments on dogs brea?h.'ng room afr

under constant positive respiration, However, repeated observations

of the oxygen saturation on 23 dogs breathing oxygén revealed no

significant fall, He did not believe that the unsaturation seen after
embolism was due to a form of venous admixture to arterialized blood

since a shunt of S0 per cent or greater would have been necessary to

cause SUC‘J

|
the reduction in diffusion capacity of the_lung, which improved as new

a degree of unsaturation, The most likely explanation was

capﬂlaries‘opened and the area available for gas exchange increased,
Our? d.ata corroborate the above conciusions, The hypetbarié
oxygen pre{zents the arterlal desaturation:and anoxeniia of the tissues .
not only by: increasing the amount of dissolved oxygen in the plaéma,
but alsobbyi facilitating oxygen diffusion, This supports the function
of the caxdi‘opulmonary system during the sudden hemodynamic changes

that follow the impact of the emb_olus, until oorﬁpensatory mechanisms

are acﬂvaté?d. The quick reversal of the hemodynamic, biochemical and

|
-electrocardiographic changes following OHP administratior as well as

the gross ahd microscopic pathology findings confirm this assumptinn. It

|
was noted t‘hat when the right ventricle and the main pulmonary artery

with its 2 m‘a]or branches were occluded with clots, the chances of
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" ‘peripherally into the pulmonary circuit where the capillary surface area

-10-

survival were very poor in both the control and OHP groups, The pathologic

findings of these animals were correlated with the hemodynamic and

~ EKG findings and it became apparent that the instantaneous cardiovascular

collapse following injection of the embolus did not afford the animal an
cpportunity to compensate and survive, However, in the QHP treated
group, the heart maintained its function and was able to displace the clots
i{s much larger than that of the pulmonary artery,

Although hyperbaric oxygenation can be complicated by oxygen
toxicity, the short period of treatment as well as the moderate pressure
used avoided such complications, The surviving animals treated with
OHP did not exhibit any neurologic sequelae, although 2 dogs became '
acutely agitated and aggressive immediately following decompression,
The development of congestion and atalectasis of the ltmgs as seen in the
histologic sections was attributed to the massive emboius and not to
oxygen toxicity since it occurred to the same extent in Eoth groups,

Despite significant improvement obtained eaperimentally with
oxygen therapy of pulmonary embolism + we do not a&vocate it as the
sole means of treatment, We believe that embolectomy using the pump

oxygenator remalns the definitive treatment, We evaluated this approach

in 8 animals and were able to recover most of the emboli, Hyperbaric
oxygenation, however, should be considered a supportive therapy in all

cases of massive pulmonary embolism, Further experimentation is in

progress to evaluate the feasibility of embolectomy following in'eversible
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autologous blood clots,. Survival rate 1n;tnlrs groupwasSO ber éev:'\t.“

-]l

pulmonary embolizition treated with hyperbaric oxygenation,

SUMMARY

Massive pulmonary embolism was produced In 16 dogs using

Sixteen dogs were embolized in a simialr fashion and were treated with
oxygen under 3 atmospheres absolt;te. The survival rate was increased
to 69%, The improvement in survival rate was conelated with improvement
in the hemodynamic, biocherplcal and electrocardiograpiiic changes,
ACKNOWLEDGEMENT
We qratefufly acknowledge the technical assistance of George

Hennl.ng,' and the help of Doctor Yu Chen Lee in the interpretation of the

electrocardiograms,




S

v ants ] [

Ls .

«
&

1.

2.

3.

4.

S,

6.

8.

9.

10,

11,

12,

REFERE- JES

Cooley, D. A.; Beall A, C., and Alexander, J,K.: Acute Massive
Pulmonary Embolism, J.A,M.A, 177:283, 196},

Jacques, W, E,, and Hyman, A, L, : Experimental Pulmonary Embolism
in Dogs, Arch, Path, 64:487, 1957,

Nash, C, B,, Davis, F,, and Woodbury, R, A,: Cardlovascular

- Effects of Anesthetic Doses of Sodium Pentobarbital Am, J, Physiol,

185:107, 1956,

Attar, S,, Esmond, W, G,, and Cowley, R A,: Hyperbaric Oxygenation
in Vascular Collapse, J. Thor, and Cardiovasc, Surg, 44:759, 1962,

Niden, A, H., and Aviado, D, M., Jr.: Effects of Pulmonary Embolism
on the Pulmonary Circulation with Special Reference to Arterlovenous
Shunts in the Lung, Circulation Res, 4:67, 1956,

willlams, M, H.: Mechanical vs, Reflex Effects of Diffuse Pulmonary
Embolism in Anesthetized Dogs, Circulation Res,, 4:325, 1956,

Nelson, R. J., and Smith, J, R,: ‘The Pathologic Physiology of Pulmonza:y
Embolism, Am, Heart j, $8:916, 1959,

Cobb, B., and Nanson, E, M,.: Further Studies with Serotonin and
Experimental Pulmonary Embolism, Ann, Surg. 151:501, 1960,

Parmley, L, F., Jr., North, R, L., and Ott, B, S,: Hemodynamic
Alterations of Acute Pulmonary Thrombo—embolism, Circulation Res,
10:450, 1962,

Gibbon, J. H,, and Churchill, E, D,: Physiology of Massive Pulmonary
Embolism Experimental Study of Changes Produced by Obstruction to Flow
of Blood Through the Pulmonary Artery and Its Lobar Branches, Ann Surg.
104:811, 1936,

Binger, C. A, L., Brow, G, R, and Branch, A,: Experimental Studies
on Rapid Breathing, J. Clin, Invest, 1:127, 1924,

De Takats, G., Beck, W, C., and Fenn, G, K,: Pulmonary Embolism:
An Experimental and Clinjcal Study, Surgery 6:339, 1939,




LEGEND

Fig. ! = Graph representing pattemns of hemodynamic changes following
j‘ : tmpact of pulmonary embolus,
| Fig. 2 - Graphs representing changes in the electrocardiogram, carotid artery,
. right ventricular, and central veno;xs pressures fore, during, and v
- after embolus, in 2 control animals,
Fig. 3 - Tracings illustrating the effect of Ol;P oﬁ the electrocaralogram
(Lead II) of an embolized dog.
Fig. 4 - Graphs showing changes {n pH,PCO3, plasma bicarbonate, oxygen
' | saturation, lactic acid anﬁ pyruvate following pulmonary embolus, Group III,
Fig, 5 - Graphs showing changes in pH, oxygen saturation, lactic acid,
and pyruv§te following pulrﬁonary embolus, Group II,

Fig, 6 - Graphs showing changes in pH, PCO,, oxygen saturation, lactic

acid, and pyruvate following pulmonary embolus and CHP,

-




< omatere

APPENDIX E




'

ALTERATIONS IN BACTERIAL ! «ENSE MECHAN1SM
IN THE HUMAN DURING SHOCK

R.M. Ollodart, M.D., A.R. Mansberger, Jr., M.D., R A, Cowley, M.D.
and R.W. Buxton, M.,D,

Assessment of changes in bacterial defense mechanisms in the
huian associated with shock is of interest -om at least two points
of view, The clinician, charged with the care ;f the patient in
shock,lmust use rational brophylaxiS'and knowledgeable treatment
for a not uncommon complication of that condition, infection,
Fine(a) has shown reduction in bacterial clearance in animals and
Miles and Nevin(}7) have demonstrated ieduction in local skin
resistance to infection with shock, Redfern( 2), in a series of
100 consecutive patients with intra-abdominal' abscesses noted shock
as a complicating factor a;sociated with operation in 59 per cent
of the cases, implying increased susceptibility to intraperitoneal
contamiration, Balch(l), studying soldiers with battle injuries
in Korea, noted decreased phagocytosis in casualties with shock,
Although most cliniclans suspect that there is decreased resistance
to infection from shock, documentation of this phenomenon in humans
has not been completely accomplished;

From fhe‘CIinical Shock Unit, Department of Surgery, University
of Maryland School of Medicine, Baltimore, Maryland.

Supported by Research and Development Division, Office of the
Surgeon General, Department of the Army, Contract Number DA-99-129-

MD-2229, )
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___The second point of view relatas to alterations in bacteriat

defense mechanisms which may provide clues as to the role of
bacteria and their products in shock. Over a period of years, a

group of investigators have collected considera’'e data which

“implicate gram negative bacterial endotoxin primarily from symbiotic

inhabitants of the gastrointestinal ttact(s)’(g)‘(lo)'(12)’(26).
. .
Endotoxin_is felt by these individuals to be a common denominator
at some stage}in the various forms of shock. Although there is
considerable controversy concerning the role of endotoxin in foims

of shock other than septic(l6)’(24)’ the impressive body of work

" accumulated by this group, in animals, excites ones curiosity

regarding humans.

‘Since bacterial clearance is dependent, at least in part, on
perfusion of the reticuloendothelial system(a), andllocal resistance
is felt tp be partly dependent on perfusion which brings plasma
componen F and white cells tolthe area(z), it might be argued that chanée
in theseI articular bacterial defenses result gimply from changes of

blood f1 to the tissues involved. A study of the parameters of bac-

rtériAlréerﬁéé which might be impaired even if local blood flow were

nearly normal would help clarify changes dve specifically to shock
rather than simply local decrease in blood flow to 2n area containing
bacteria. For this reason, the paraneters studied consisted of the

serum or plasma bactericidal titer, the serum complement titer, and

the phagocytic index of the peripheral polymorphonuciear
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neutrophils, In addition, changes .n the sSerum proteins referable
primarily to the complement system were also studied.

Materials and Methods

Bactericidal titer

A suspension of a 16 hour glycerinated trypticase soy agar

slant éulture of E, coli sefoty§é70127sé* yés made in normal saline,
‘ This was washed and adjusted to 103 ozganisms.per milliliter, using
the Beckman DU spectrophotonete; at 650 millimicrons, Stock cul~
‘ f w . tures were lept at 1 -'3°C, One tenth of one millilitex of the
suspension was incubated wiin 0,4 milliliter of serum dilution
for one h-ur ;t 37°C and then 4.5 milliliter of saline was added

- re

- to @ach tube to stop the reaction. One-half mililliter aliqrots
':rom each tube were placed.in the wells of séerile plastic trays
‘following whish 1.9 milliliter of liquid agar was placed in each
well, Each serum dilution was tested in duplicate, Starile Saran

Y i ‘ . Wrap was usaed to cover and seal the trays which were incubated for

18 hours at 37°C. The number of bacteria in each well was counted
as were a series of at least six control wells containing‘saline

. L L ~ instead of serum. Wells containing agar alone controlled contam-

ination., The control wells contained approximatelyrien bacteria
per well, The bactericidal titer was taken as the highest dilution

of serum killing 50 per cent or more of the average number of

2/ .

- bacteria in the controls,

"- T #*Provided by the Department of Microbiology, Walter Reed General
Hospital, Washington, D.C.
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Complement titer
Hemolytic activity of complement was measured according to a
modification of the 100 per cent hemolysis method of Bier and

(3

Heidelberger ). The 50 per cent method of Mayer was also used

. in a few cases. The majority of the data reported was in terms

of the 100 per cent method which was performed by adding 0.6
milliliter of rabbit anti-sheep cell hemolysin in optimal concen-
tration to 0,2 milliliter of 4 per cent washed sheep red cells and
incubating this for ib minutes at 37°C and read, The highest
dilution of serum producing 100 per cent hemolysis times ten
equaled the number of 100 per cent hemolytic units per milliliter
of undiluted éerum. The 50 per cent method was done according

to Mayer(ls). Dilutions in the case of the 160 per cent method
were done in calcium magnesium saline and in the case of the 50

per cent method triethanolamine buffer pH 7.2 was used.

Phagocytic index

Blood was collected in sterile siliconized tubes with a
heparinized syringe. A white count and differential was performed

and to 1 cz of blood was added 1 cc of a suitable suspension of

‘E., coli to give 103 organisms.per polymorphonuclear neutrophil, .. .. __

The mixture was incubated at 37°C with gentlé agitation every 10 -

to 15 minutes and then spun down, fhe supernatant was discarded

‘and a smear of the cells was stained with Wrights staln. The

average number of bacteria in 30 to 50 consecutive polymorp! cnuclear
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neutrophils was determined, Pr- iminary experiments demonstrated
a linear relationship between the number of bacteria pér poly and
the phagocytic index over a range of 500 to 2,500 bacteria per
poly, An easily counted number of around ten bacteria per cell,
was obtained in normal blood if 1,000 bacteria per poly were used
in the test,

Immunoelectrophoresis

Twenty-five lambda of patients serum was placed in the well
of a slide containiné barbital buffer, pH 8.4, with an ionic

strength of 0,05 in 2 per cent purified agar, This was subjected

. to electrophoresis in a microelectrophoresis apparatus and then

fixed in 2 per cent acetic acid, dried, stained and analyzed in

a reflected light scannex., In a similar manner five lambda of
serum was electrophoresed and then reacted with 25 lambda of horse
anti-human‘serum placea in wells paralleling the electrophoretic
axis.l After 24 hours in a humidity chamber, the slides were washed
in saline, dried, stained and analyzed.

Blocd cultures

Blood was collected aseptically in hepaiinize& syringes and
placed in sterile siliconized tubes. Shortly after collection one
milliliter of blood was mixed aseptically with liquified trypticase
soy agar and poured as a quantitative blood culiure in plastic

petri dishes, The number of organisms was counted the following

daYO
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Serum Complement in Shock
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: Serum Complement
fr — : . a
. ¢ . - Figure 1 summarizes results on serum complement tests in
7

/. patients. ECxamination of 18 normal subjects by the 100 per cent
heﬁolytic method resulted in a mean titer of 97.3 units, plus
and’ minus 35.8 units (two standard deviations) which agrees with
. ) | Bier and Heidelberger's values (100 units) for normal humans

using this method(B). Specimens from 16 patienfs in shock showed
Q'f a mean value of 20 units; plus and minus 21.8, and the P value
for the shock relative to the normal was less tﬁan .001, indicating

a highly significant decrease in serum complement durhg shock,

- f' o ' ‘ In six patients anaiyzed after recovery from shock the mean value
Jé_ $ : was 170 units, plus and minus 17.8, again with a P value of less
¢ that ,001 relative to the normal, In six patients undergoing
‘ﬂi’ ' "major operation (biliary or gastiric) with no artive infection or
- : : shdck, the complement level did ﬁo? change significantly as a
result of the operations.
Figure 2 illustrates the course of typical patients in the
b . various forms of shock, All patients show a low level with shock
which remains low for 12 to 18 hours before climbing to above
E . " normal levels in those who recovered, Irreversible shock is

accompanied by a continuously falling complement titer until death,

o5/

“ In two cases of upper gastrointestinal hemorrhage without shock

3 (blood pressure greater than 70 mm.Hg. systolic) the compleme..;
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level was depressed to a lesser d- .ree than with shock and returned
to normal immediately after transfusion (within 6 hours). This

agrees with results of graded bleeding without shock in guinea piés

- wherein initially lower complement levels returned to normal within

4 to 5 hours of bleeding(4). Thus, shock produced a rather specific
pattern which differs from operatioh or hemorrhage alone, This
pattern is similar to that produced by ihfection as can be seen

with the influenza patienf in Figure 3.

Here there is a drop
coincidental with the oftset of clinical  f§ease and a rebound above
normal after recovery. ' ' .

Since many patients received Dextran (Baxter "Gentran'" 6% in
N-Saline) and native dextrans are known to be anti—cdmblementary,
Dextran had to be ruled out as the cause for some of the low values

of ccmplement. “Gentran' incorporated in the test for complement

in concentrations ranging from six per cent to ,02 per cent had

‘no effect on the hemolytic titer of a ser}es of normal sera, On

(21)

the other hkand, heparin, which is known to be anti-complementary R

has an inhibitory effect on hemﬁlysia in concentrations of as little
as 62 units per cc of serum.‘ i

The question of contribution of comﬁiement by stored, banked
ACD blood has been taised(l). Table I illustrates the effect of
ACD on the hemelytic activity of complement, As can be seen high

concentration will inhibit hemolysis prcobably by tying up divalent

cations, In a particular zore of concentration there is a frilse
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‘ Table 1 '

EFFECTS OF ACD ON COMPLEMENT TITRATION

50 units

A)Complement titer of serum -
Titer of ACD 20% - O units
Titer of serum + ACD (5%) - 100 units . .. . _._ .. ..

B )ACD% Reading
50 333N
i: 5 i:;li,zone of false low Cl titer
1.5 1...} zone of false high ct titer
. «35 px}
Control 11

Note: Control tubes contain sufficient complement
to just give partial hemolysis designated as
(++). No hemolysis = (++++) and complete
hemolysis = (-).
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positive effect on the hemolysis tzst which can give an impression
of a high titer of complement whereby a serum which has a titer

of 50 units showed 10C units with 5 pex cent ACD. Hemolytic

activity, therefore, cannot be estimated in strved bank bloodi

with ACD solution, Figure 4 illustrates the rate of deterioration

of nemolytic'activity of complement in sexrur. stuced at 1 - 4%,
One would expect the complement in ACD stored bank blood to
deteriorate at a similir rate unless there were some very unusual
preservative effect present, It appears, therefore, that stored
blood will contribute little if any active complementary activity
to the recipient of transfused bank blood,

Electrophoresi§ and immunoelectrophoresis of serﬁm from
patients in shock was compared to the other parameters such as
complement activity, Comparison of immuncelectrophoresis of sera
from patients in shock and during their recovery showed a consistent
vdifference in virtually all patients (Figure 5), There was a
Jdecrease in a particular line associated with shock, This was a
rapid Beta 1 globulin which appeared in large quantity in recovery
samples.‘ This line corresponded to a dark peak seen in electro-
phoresic between the Alpha 2 and Beta 1 globulins and designated
as Beta 1A (Figure 6), Figure 7 illustrates the fact that this
peak varied in closa correlation to serum complement activity as

did the Beta 1A line on the immunoelectrophoresis in shock patients,




: Figure 5
Immunoelectrophoretic Pattern
In Shock and Recovery
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Figure 7
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Figure 8
Immunoelectrophoretic Comparison
of B, Globulins in Fresh and

Incubated Serum
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Reports in the literature indicat.d that this serum protein might

correspond ta the inactivated form of the first component of

complementfla). Accordingly, fraesh sexum from a patient who

recovered from shock and had a complement titer of 140 units wa
| .

" comparxred immunoelectréphotetica ly with the same serum after

incubation.at 27°C for 24 hours jresulting in arn inactivation o

i i .
complement, Comparison (Figure'8) revealed the presence of a
slow moving Be;é 1 globulin (Beta 1C) in fresh serum with a faint

Beta 1A line., After incubation when complement activity was

. minimal, the Beta 1C was gone and a heavy Beta 1A way present,
. ge)
»

This Beta 1A corresponded fo the first component of co-plc-nt(

and to the protein noted to fluctuate in parallel with the ¢c-p?e-
mentary activity in shock patients, It was concluded that it w%s,
in fact, the first componaent ccﬁglenont in an inactivated form ;nﬁ
this form was seen because glectrophoretic analyses were perfo éd
days after sera were drawn or qfter freering and thawing thus
inactivating the first componenL%of coﬁplomnnt. The possibility
that the inactive form may appesr in the plasza of the p‘ti-ntJ

ag a rasult of shock per se was not xuled out,

Bactericidal titex

The bactericidal titer against E, coli was not assayed thn'

patients were receiving broad spactrum antibiotics, Figure 9 shows

a summary of the results on the bactericidal tests, In 1% normal




N Figure 10
Complement, Bacteriacidal Antibody, and
Phagocytic Index in Shock and

Major Surgery

‘BACTEROCIOAL TITER

PUAGOCYTIC INOEX

CONPLEMENY

HOURS
12

DAYS
18 242 34 8 &




Table II

BACTERICIQAL TEST-EFFECTS OF PI'!FATING AT
36°C FOR 30' AND OF SELECTIVE ABSORPTION

Serum i

Dilution | Normal Serum | Heated Serum E. coli Abs.Serum
Undil. o 0o 6 s

1:2 o o 7 10 [] s
1:4 0 (] L] 9 9 6
1:9 [} 1 11 9 11 11
1:16 2 2 12 9 10 10
1:32 6 10 L] 14

1:64 10 12 7 10

1:128 10 L] 10 ? .- .
saline

control - ? 10 10 12 7 L]

g, coli abasorbed serv: left with cmln‘nt titer of 90%

Average = 9
S0% = 4 or lase

Figures in box represent the number of Lacterial colonies.
Titer of untreated serum = 16,
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subjects the mean fiter was 27,2, plus and minus ii.s, yhile 11
patients studied during shock showed a ﬁean of 7.6, plus and
minus 9,2, (P value of 1993 than ,001), No rebound was noted
in association with recovery from nhﬁck. The titer returned to
nérnnl more pxcuptly ar'ter resuscitation than did complement titers,
Figure 10 illustrates the typical course of the bactericidal titer‘
in hemorrhagic shock, A saries of six surgical patients showed
no significant alteration of the bactericidal titer during or
after operations, |

The measuresent of the bactericidal titer is thought to involwe
at least two parameters, complement and é'mx‘l:i.body," which neem to
cooperate in this procaln(zo)»(la). In the case of scme strains
of B, coll it has been noted that conplcnenf may play 1ittle or
no role, at least in terms of subsequent loss of its hemolytic
activity‘21). This seemed to be the case for the E, coll serotype
012788, Table II shows the effect of heating ;nd adsorption on

the bactericidal titer, Heating, which destroys complement and

natural antibody(zo), removed completely bactericidal effect, 1f

the serum is adsorbud with B; coiirwhich gaars;;;Ag;;;m;iii;éhAime”‘.-ﬁ
60°c, fo¥ one hour, a ratio of coli organisms forn§§qn can be found
whexein 90 per ceﬁt of the complementaxy Activitv guh be left

while virtually all the bactericidal power is removed, Thue, the

combination of so-called nnturul‘gntibody and heat killed L, coll -




Figure 11
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does not result in inactivation of complement, Further evidence
that the bactericidal titer as we have neaéufed}itbia relatively :
independent of complement is provided as shown by Figure 4 where

the rate of deterioration of complement activity is comparxed to

» thatrof”bactericidal effect in serum stored aseptically at 1 to ﬁqu_

Complement activity shows a sharp dvop after 24 hours and ;s
virtually gone by one week, Bactericidal gffec? remains stable
until about @wo weeks after which it very slowly drops so that
at three weeks it is still at 50 per cent of its origihal value,

Phagocytic index .

The white blood cell count, differential, phagocytic index
and phagocytic ranacity vere measured during and afte¥ shock,
éhﬁgocytic index was defined as the =+wevr32 number of bacteria .1
per polymorphonuclear neutrophil after incubation with B, coli

as described in Materials and Methods, Phagocytic capacity was

_ defined as the number of bacteria that could be phagocytized by

the neutrophils in one milliliter of whole blood and was obtained

by multiplying the phagocytic index by the numbervof neutrophils

- §er cc, of blooed, Figure 11 summarizes the results of these

studies, The phlgocytic index wai significantlybdepressed whereas
the phagocytic czapacity was depressed.to a degreoAvhich was not

statistically significant during shock, The reason for this

appeared to he an overall jincrease in the number of neutrophils




Table t11II

EFFECTS OF HEPARINIZED PLASMA COMPONENTS

A)
1)whole blood
(hcpar}nl:cd) .

2)plasma heated
3° 30°

3)plassa replaced
with saline

4)plasma abasorbed
with E. coli in
ratio leaving 90%
of complemant
activity in serum

8)
1)whole blood

2)plasma replaced
with saline

3)plassa of 1 week
old ACD blood

4)plasas of 6 waak
o0ld ACD blood

25/

© OM PHAGOCYTOSIS

Hemolytic Bactericidal Phagocytic
cl Titer Titer Index
0. 30 19.3
4} Q 10.8 (55.3’)'
10.3 (52,8%)
o o 10.0 (31:2%)
lq 22.4
12,1(54%)
8{s0%) 11.0(49,1%)
12({798) 15.2(67.0%)
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during shock, possibly cssociated with hemoconcentration, Oné‘can‘

-conclude that the ability of individual white cells tohphagocyfizg

bacteria is decreased in shock but this i# barfiaily compensatéd
for in the blood stream by hemoconcentration, Figure 10 iliﬁ?irates
the course of the phagocytic index during shock and after major
operations compared to bactericidal titer .ad complement. The =~~~

correlation with complement in shock wAs consistently close and

~could be explained by the opsonizing action of its various components.

In postoperative surgical patieints there was a consistent Qtatia-
ticilly significant postoperative rise in phagocytosis with no
significant change in complement or bactericida; titer, Sinco.fhil
rire seemed to occur'indeyendent of measured plasma factors, |
experiments to test this situation were performed, Table III A
illustrates such an expariment'wherain plasma was removed and either
‘heated at 56°C for 30 minutes or absorbed with killed B, coli and
than-teplacéd or replaced with saline. The heating of the plasma
which is sufficiént to destroy natural antibody gﬁd codplemenf will
redune the phagocytic index by 40 to 50 per cent; The same occurs
wﬁen the plasma is adsorbed with heat killed E, cold iﬁ such &

concentration that wilirromoQo ¥he bactericidal effect from serum

but still leave the complement hemolytic activity present. Therefore,

approximately one-half of the phagocytic activities of whole blood

are associated with the plasma components and one-hai® with properties

of the white cells ‘themselves, Table III 3 illustrates the fact

St T it gt e g
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Figure 12 '
Phagocytic Index with and
without Plasma Factors in
Major Surgical Cases
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'thaf_replacement of ghe plasma with plasma of stored ACD blood
from one week of aggxtu three weoks of ace fesults in reduétién‘%
of phagocytic inde; wpich is rough'y proportional to reauction of o
bactericidal effect, a retlection or opsciizing effect of natural
antibody. Sincelthe surgical patients who showed a postoper;tive

rise in phagocytesis, did so without corresponding rise inv .
bactericidal antibody or complement, we wondered if this were

due to a change in the white én!1 itself initiated by ‘the stress

of operation, An exporiment io test this was perfufmcd wharein
phagocytic index was measured in a surgic51 patient both in terms:

of the whole blood and in terms of the bloo& wfth the plasma factors
removed, AS can be seen in Figure 12 there was é rise in the

phagocytic index when.the plasma was removed, which was parallel

to the rise which occurred in the whole blood, These observafions
suggest.that the rise in phagocykic iAﬁwx occurring after operzation

is a result of direct stimulation of the white blood cell itself

whereas the rise ia pativnts who are recovering from shock seems

to be at least in part . reriection of an increase in plasma opsoniz-

ing factors such 4s complement and bactericidal antibody,

Bléod cultures

Blood cultures were monitored in all patients with each sample
drawn., The only positive cultures were obtained in three patients

with septic shock and one-patient who had traumatic shoux and a

terminal pneumonia with septicemia. The changes noted in the other
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parameters could not be ascribed to blood stream invasion by bacteria
except in the case of septic shock although the patterns resemble
those produced by infection (Figure 3).7 o ‘ h o
Discussiun
Bxaminatién of bacterial defense ﬁechani;ms in the human during
shock was undertaken in orae: to shed light .a the relationship

of septic complications to shock as well as to investigate certain

theories concerning irreversibLlity(a). Patterns in complement

titer showed a consistent dec:ease during shock which persistec for

8 to 12 hours after resuscitation and then teb&unded above normal
during recovery. Phagocytic indices folluwed a similar pattern

which was well correlated with complement titer and probabl& reflect
opsonizing effect of complement at least in part(7). Bactericidal
fiter seemed to be indeﬁendent of complement hemolytic activity

but was also depressed during shock, cbﬁing.bahk to normal range

soon after resuscitation. Evidence presented rules out airect
effects of Dextran v,y ACD blood as causes of these changes e#cept

fér their effect on promoting perfusion of vital organs and recovery,
Stored banked blood may contribute scme bactericidal antibody, but

it is unlikely that complement effect or viable neutrophils are
contributed for phégocytosis. The stress of a surgical procedure
alone cannot duplicate these patterns except for a rebound in phago-
cytosis which seems to be mediated almost entirely throuyn the

white cell itself, Hemorthage without shock produres a pattern of
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~offending crgs.:ism is present in the bloo

~15-

moderate depres ion of complement with immediate recovery after

resuscitation and no rebound. Thus, the shock pattern is unique

and corresponds to one of infection with depression while the
|
siream_and_is_ absorbing

complement and bactericidal antibody, and a rebound after it is

L 3 ;«l‘

eliminated. Except in patients with sept{ ' shock, no bacterial

invasion of thc systemic blood corld be demonstrated to account
for these patterns, Poiéal blood was not investigated.nof was the
nossibility of . viral organism as A cause for this ru;ed out.

A similar pattern to that occurring in shock is produced in

(23)

mice by injection of killed E. coli cell walls R
(11),(24),(19)

Similar
ratterns have been observed in ralbbits 4 and mice(zs)
following injection of endotoxin, Absorpigén of certain other
polysaccharides such as zymosan would presumably be capable of
producing a similar pattern(ZO); Duriﬁg,the depressed phase of
shock ih mice Rowley(za) and Schaedler an?,bubos(zs) found that
their animals were very sﬁsceﬁtible.to infection, and during the
rebound phase fund them relatively fesistant. It is suggested
that the same may be truc fer humans so that an increased

susceptibility to infection occurs with shock., Graded hemorrhage

without shock in the guinea pig has resulted in depression of
complement levels and restoration to normal within 2 to 3 hours(4).
No rebound was noted, This is compatible with the pai_arn shown

in this presentation for hemorrhage without shock in the human,
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The similarity of the shock pattern to that produced by endotoxin
leads one iu speculate on the absorption of antigenic material
possibly related to E. coli, in the human during shock as a cause

. 14 s
for the patterns( ). Direct evidence for the presence of such

material has been hampered by the lack of a good in-vitro test

for sulii a substance. In-vivo neutralization of endotoxin like

material by natural antibody and complement may hamper its

immunological identification.

Summary and Conclusions

1. Complement hemolytic activity, bactericidal effect of
serum, and phagocytic index all shuw a depressed phase during

shock in the human,

2. After recovery from shock complement and phagocytic index

show a rebound phase well above normal values. Such a rebound

" ha= not been found for bactericidal effect,

5. Hemolytic activity of complementAcnﬁnot be accurately
measured in ACD blood plasma because of the effects of ACD on this
teat., ACD plasma does nét seem to contribute significant opsonizing
complement. It would contribute only minimal amounts of bacteri-
cid§1 antibody, and virtually nc viable neutrophils. Except for
contiibuting to the resuscitation of a patient and the pgrfusign
of.vital organs wnich produce the factors that have béen stud’ed,

banked blood has little direct effect on the bacterial defense

mechanisms measured in thi: :tudsy,
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stress of the surgical procedure.

~.4. Shock in the human results in an increase susceptibility

to infection during the period c. shock. After recovery there
is a rebound feaction with presumed increase resistance although
direct eviﬁence for this is laéking in the human.. :

5. The patterns observed in shock patisnts were not due to
the nonspecific s£ress of operation nor were they produced by
hemorrhage alone but were unique for shock iu:lcction or the
absorption of antigenic material such as endotoxin or related
polysaccharides.

6;' Surgical cases uncomplicated by shock or infection show
a rise in phagocytosis which is unaccompanied by a rise in

complement or bactericidal antibody following operatibh. There

seens to be a direct effect upon the white cell produced by the
’ . /

The authors would like to acknowledge the able. technical
assistance uf Calvin R. Seitz and the statistical analysis by
Doctor Gerhard Laudahn. The assistance of all the members of
the shock unit was essential for the accomplishment of this
study. :
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HEMORRHAGIC SHOCK IN DOGS TREATED WITH ISMELIN

A STUDY OF SURVIVAL RATE

Peripheral resistance s a major factor in hypertension as wull o5

in hemorrhagic shock. Since guanidine sulfate is used to control hyper-

tension, affects vasal dilatation and therefcre atter oxygenation of tissue,
it was thought to be of value in the treatment of irreversible hemorrhagic
shock. Pre-treatment value was particularly 1nvesti§ated since the action
of guanidine sulfate as & potent antagonist to pressor responses has been
démonstrated to be effective from 1 Jays to 3 weeks, following a single
1.V, injection {Maxwell et al}.

Irreversible h'emorrhagic shock was induced in 70 doqs'uslng a modifica-
Blood prassure was kept at 30 mm/Hg over a

tion of ;he Fine te~hninne,

period of 2-1/2 hours. Thirty-five dogs were used as controls; the remaining

35 were treated with guanidine sulfate in the tollowing manner:
Group I - 5 dogs. guanidine sulfate 10 mg/kg in approximately 100 cc

saline - slow I.V. drip ~ administered during the shock perlod., Survival

rate was 0%.
Groups II, III, IV and V - 5 dogs €ach - were pre-treated with.10 mg, kg

guanidine sulfate given I.V. and administered at various rates {2- 60 min.).
Group 1l - 24 hr. pretreated - survival rate - ,40% .
Group 1il- 40 hr, pretreated - survival rate - 80%

Group V- 72 hr, pretreated - survival rate - 80%




s

Group V - I week pretivated - survival rate - 100%

Group VI- i0 days pretreated- survival rate - 100%

Group ¥il- 2 woeks pretreated - swvival rate - 100%
Yn the control group -~ survival rate - 17, 1% |

in gioups VI a.d Y11, the dogs femoral artery was cannulated
before guanidine sulfate wos adminicterad in order to observe the
lmmediat‘e effect of the drug on the blood pressure. l

It was found that when guanidine sulfate was administered by
syringe and undiluted over ¢ 2~3 minute period, the blood pressure would
drop sharply (28 mm/Hg average) within 1-1/2 minutes from the siart of
the injection, then suddenly overcomoensate, reaching a peak (35 nm/Hyg
above base line average) in about 7 minutes. Blood pressures then
returned to normal at an average time of 26 minutes and remained at base
line level + 5 mm/Hg. as long as the animals were kept on the manometer
{3-6 br.),

However, when quanidine sul‘fate was diluted in approximately
100 zc of normal Salin» and administered in a slow 1.V, drip of 30 - 60
minutes duration, the fluctuation in blood pressure described above was
reduced to less than one-fourth in m<ag‘n'itude.A -

On the day shock was induced, the baseline pressure in all the
animals was found'to be an average of 12 mm/Hg. lower than it héd been
before guanidine sulfate had been given tén and fourteénrdavs earlier.

Average bleed-out volume was 53 cc/kg., Average time of hemorrhage

necessary for blood pressure to drop to 30 mm/Hg. was 10,7 mlnutes.‘
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Convulsions, extreme rigidity of skeletal muscles and

respiratory difficulties, which were cbserved in almost all of the control
animals were found to be much less severe and, iv -ost cases, totally
absent'm the dogs treated with quanidine snifatc.

‘The animals In groups V, VI, and VIL tc* "rate;i shlock particularly

well and wern ohserved to be alert and without apparesnt 11l effects by evening

of the same day shock was induced.




' CONTINUATION STUDILS ON - ALDOSTLRONE IN NORMO TENSIVE
. AND HEMOBRHAGIC SHOCKED DOGS

The following siudy was undertaken in order t;; determine majoc zffeciu
of d-aldosterone on electrolyté balance, metabolism and blood yases in
dogs subjected to hemorrhacic shock, as well ¢ o in the normotensive aog.
Shock was induced by using a modificatio.n of the Fine technique. |

Hpalthy_ inongrel male dogs were used in this survey. The animais
were divided into three groups of ten dogs'cach.

Group I: was subjected to 2-1/2 hours of hemorrhagic shock at

30 mm/Hg. and treated with tritated d-aldosterone
(1.6622 u curics/ml.)
Group {I: Sime procedure as Group 1, except no d-aldosterone
was given,
Group IlI; Was no: subjected to shock, but d-aldosterone was
adminisivred at e same time and ralte as Group 1.
All dogs were pre-treated witn morphine sulfate (1/8 ar./kg) and received a
stow I.V. drip of normal saline {10 cc/kg) during the shock period, including
thevnormoten'sive group (I1I), _
In the treated shock (1) and treated normotensive group (lII), d-aldosterone

(.05 mgm/kg) was added to the saline drip 30 minutes after blood pressure

stabilized at 30 mm/Hg in the shock animals (i},  All dogs had their

urinary bladders catheterizad. Arterial and venous blood samples =z wall as

o</t

urine specimens were obtained at the following times:




JE

1) baseline

2} uhock (15 min, after sichilization at 36 mm/Hg of shock

groups 1 and il

3) pre-reinfusion {of shock aroups I and it’
4) 30 min. post-reinfusion of groups I and II

%) pre-death or pre-socritice | B, o

Serum Chlorides: No significant changes could be observed between the

three groups.

Serum Potassium: It was found that d-aldosteronc adds the retention of

’5)"1

.potassium within the cell. The rise of potassium levels was found to be

slightly depressed in the treated shock group (I}, as eompared with the un~

treated shock group (I1).

Serum Sodium: It appears that the administration of d-aldosterone greatly

enhances the excretion of sodium into the urine. Both treated gioups I and
III showed a decrease in serum sodium levels {in spite of the infusion of

normal saline) during an after d-aldosterone administration, as compared with
the untreatecd group II. In normotensive group III serum sodium levels were

well below baseline at the time of the last sample.

Serum Ammonia: No significant changes could be observed between the ihree

groups.
Serum Glucose: No significant difference between the treated (I) and un-
treated (II) could be demonstrated.

Glucose levels in both groups rose sharply, reaching their peak sho-tly prior

to reinfuston {Sample #3), then underwent & drop which was sustained through
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the last sample and went below bascline values. In the normotensive ) .

~ consisteic drop of plasma protein levels throughout the d-aldosterone- !

-

graup (11}, a slight iritial drop of sorum glucose was noted during o }
d-,aldostcrom: infucion, aleo reversing itself ot the time of sample #3 and }“
returning to baseline before final samples were taken. :
Lactates: No significant difference could be observed between the three t
groups. ;
Pyruvates: No significant effect on d-zldosterone on pyruvates could be ,
- demonst: ated. ‘
Plasmgs Proteins: d-aldnstorone appaars to have little, if any, effect on \

plasma, protein levels in the treatad shock group I, as compared with the

untreated shock group li. Notmotensive group 1lI sh.ows a slight but

infusion. ' i
Arterial pH: During the early staaes of the experiment, both the trezied
shock and normotensive groups (I gndIII) tended to rise sllghtly.. The un-
treated shock group {11} suggnsted a drop of pH during the same time period.
Venous pH: No significant difference between the treated (I)'and untreated
(11) shock gréups céuld be noted. In both groups values d;opped 1nit1a11;1;
and then rose during the later stages of the exp‘erinj.rent after samyie #3. |

Values in group IIl remained much the same throughout the experiment,

Arterial Hematcerit: No significant difference could be sbserved in shock

groups I and II.

Venous Hematocrit: The same pattern as with the arterial hematocr:i. was

)

found.
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‘Arterial Oxygen Saturation: Litile difference could be observed between

the threg grovps.  d-aidosicrone does aot seem to have any appreciabie
effect on arterial-o<ygen-sairation in shock.

L’gnous Oxygen Saturation: Was slightly improved by d-aldosterona. Ir the

normotensive group (1) values tended to rise above baseline level during
d-aldosterone administration and returned tc rear baseline someume after
the end of infusion.

Arterial Pcop: No significant difference in arterial Pc;az levels could be
observed between the treated and untreated shock groups (I and I2).
Venou.s Pcop: No significant difference between the treated (i) and un-
trecated (I} shock groups céuld be observed.

Urinary Sodium: Excretion of Qrinary sodium showed a striking rise in both
the treiited shock {I) and treatzd normotensive (III) groups from 25 meq/1
to 94 mag/l, at the time of the evicus study. Since this rise, however,

=3
was mainly attributed tu the infusion of Saline - this determination was

eliminated in the present experiment.
Urinary Chlcride : During the initial stages of shock, d-aldosterone seems

to depress the excretion of chloride into the urine.

Urinary Potassium: As would be expected. potassium excretion is retarded
by d-aldosterone. Thris was particularly noted in the treated sh-v‘V)ck .gfoup
{I} and zlightly less pronouneed in the normotensive group (III),

Urinary Proteins: No significant difference could be olservad between the

thee groups,

ceaan R
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IEMORRHAGIC SHOCK IN DOGS TREATED IMMEDIATELY
PRE AND POST RE~INFUSION OF 8LOOD WITH ALDOSTERONE

ALDOSTERONE

—B)- After 2-1/2 hours of hemorrhagyic shock = postfeﬂnfusi,on.
B} After 2 hours of hemorrhagic shock.

Hemorrhegic shock was induced in 20 doy . 1sing our standard
modified Fine technique,
Group A,

In 1C dogs blood pressure was kept at 30 mm/Hy over a period of

2 1/z hours. The dogs were then re-infused with their own blood.

i,v. in 10 cc kg of normal saline,

After completion of re~infusion, .1 mg/kg aldosterone was administered
Group B

In this group of 1U dogs aidosterone was given (same doée and

method as in Group A,) after 2 hours of blood pressuré at 30 mm/Hg.

Average Volume of Blood shed:

Group A: 51.7 cc/kg

i

Group B: 50.7 cs/kg. - However

{"an additional bleeding of average
6.6 cc/kg was necessary in this group to hold biood pressure at 30

mm/Hg during and after the aldosterone infusion.
Results:

Group A): Out of the ten dogs, seven died within 24 hours post~
shock.




ﬂ ~ Inall of the dogs which succ urbed, bloody diarrhea was obséﬁréd’ T

either during tho Lattrr part of the shoek or re-infusion peribd. Autopsy
on these animals primarily revealed evidence of severe hemorrhagic

[ : .
enteritis, The other three animals survived indefinitely WIJhOUt apparent

11l effects, .
N i

i
SURVIVAL RATL ~ Gaduw A 30%

Group B): In this group two out of the ten dogs died in less thaﬁ 24 hours

post shock. The other eight antmals sufvtved indefinitely.| Bioody.
diarniea was observed in two of the survivors as well as in both of the’

dogs which diécl. From autopsy of these two animals revealed the same
-findings as were secn in Group A, |

SURVIVAL RATE - Group B 80%

The control group (35 dogs) which had been done previpusly had a

survivai rate of i7.1%.

Average time of lnlt}al hemorrhage to reduce blood pressurq to 30 mm/Hg,

Group A) 7.5 min, |

Group B} 7.1 min.

W
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. . STUDY CF THE EFrECTYS OT
ON OGS £il

NEOMYCIN PRETREATMENT
i COROHARY OCCLUSION

VoAl DGV

Previous studies with doas subjrcted to massive coronsry occlusion

and resulting infarction with

calibintic pretreatiment Fave indicated an '

increased survival ratc,  The hasis for such & relationshiy ie derived from

the hypothesis of Finc wiho bas heornacd that one of the basic causes of

ineversibility in shoed i cnnotorins i b cena) erioin, '

The most obvions sonrce of such substance would be from the natural

flora cof the bowel which must citer the blood stream <due to a change in
permeability of the bowe! hrqul:l about by a biolegically disruptive event.

C ronary occlusion and infaretior conid bring about such an abnormal migra-

tion of intestinal basterfum.

If the gut ware stevilizod by an administered antibiotic, then there

would be a decreosc 11 the endatoxing, causing frreversible shock after the

occlusion in the animal surviced the initial cardrias insult.  Per this reason,

T the causerof desth-must be -lvided into two cateqodes: that of death due

to immediate cardiac tnsvit which would oscur within mimites of the time of
ligation and death due to shock resulting from the occlusion which would
occur later because of the cvents arcossary to bring aboitt the condition of

ifrreversible shock. The pretreatment with an antibiotic should then bhring

Y

about a decrease in these dolayed deaths, .

g . . To test this hypothcgis, ~n experimantal prepaciation of occlusion by

ligation to a secries of doasn nretreated with Neomvein was undertaken,
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e —Qp@rative pretreatmant.. .

erepa Py AwY
Nbesdv Ladsa,

FHODS

In this serins, the peft eive il arcory of 25 dogs wad oceluded by

a zingle ligation of 3-0 surgival siin. The ligation was executed by
means of a two-to-three inch anterior lateral incision throuch the fourth
tntercostal space on the Joft sidn of tha craost, The decgs were anesthecized

with approximately 25 ars hg ©f T Hembumai, Durtng the operative procedure,

the ventilation of the lunas vos malitwuned by a Marard respirator at a

rate of sixteen stiokes per miia arias a vijumn ~¢ approximately 400 ce

per stroke. As @ moans of demansirating tnfarction, meligation, postiiga=
tion, and daily electrscaciingrams were taken on the standard lim» and V

leads. Electrographic changes wore menitored on lead #2 for thirty minutes

following the ligation.

The thirty-three dogs wove dividnd into o gronps: One group of
twenty-three dogs wek praitieaterd with o daaly dose of 0.5 gm. of Neomycin
administered twice a day for thrans days rtecerding the operative procedure.
The sther [iftern dons compriscd the control group which recelved no

Fibrinogon levels and clotting times were performed

on five of the pretreaterd and three of the control dogs to obtain an indication

as to whether there was an alteralion of the coagulating properties-of the

blood as a result of partinl sterilization of the gut. The extent of steriliza-

tion was determined by culturing fecal material on a aterile applicator stick

which was inserted into the dey's rectim immediately before opetation.

All survivors were sacrificad botws on five a i eight days after the

w
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! operation with a lethal doge f Mo Nembutal,  The \heart was removed
and the exact loaatisy 7 S Y oy g v'i:‘."\\in totmns of itsv
” v ) ' distance from the left oo o iy rtery, 'i‘npir"\nt measurements were
taken to determine tha arca of prriusion by thn liqaté:ri\w;-s‘sel. An anqiogra.m
was taken with conirast madia iniented into the Ci:m::nt\‘.c.". artery proximal |
to the ligation t:o vorify conplcoo osclusion by the !iqrxti\)n. The ventricular
myocardiai muscle of each haur' was e oot iata fow 's‘\gilal sections in
order to obtain a visual observation of the =xtent of the infarct.  The heart
*”'?‘ “ . was then fixed with 10 Fernatin.,
. 4 IMMEDIATE L‘EIXTH DELAYED DEA‘I‘?H - SURVIVAL TCTAL
, v . PRETREATLD 7 : 0 ‘\\ 13 20
' : PERCENT 35% 0 . 65%
————— ———— —m—————— ot 1 1 e N ———— i -
CONTROL 5 _ 30 5 15
PERCENT 33.3% . 33.3% ' 33.3%
A total of 35 doas surgically ligated, of which there was a total of
18 survivals. On a percentae basis, twice the number c;f preireated dogs
survived as compared to the control dogs (Table I).
"“"""'j:*“' - U ¢ the inuned! i h category of the non-survising aroup, .the distri- -

bution was equal. All dogs died of ventriéular fxbnll#uon 7 Thme w;é ncl)u
delayed deaths in the pretreated dogs, whereas thirty-three percent of cohtrql
dogs died 1 - 24 ﬁo'x.nrs afte- tigation,

From thé data presented in our ztudy, there is no Stenificant :;};ange
in the death rate due to immadiate cardiac trauma as a result of pretreitment

of Neomycin sulfate, However, the incidence of delaved decaths appears

g
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to be significantly decreased while the survival rate is increased as
cdmpéfed té the coﬁi}ol idoqs‘.‘ """"

All bacterial studies afier pretreated with Moomyuin were esscatially
negative.
___. _The incidence and degree of infar,c,tion_.v@ s established on the basis
of electrocardiograms, and grose cxaﬁina;ion G ae excis_ed heart, Ait the
dogs, except onc cuntrol, showed a Lypical paitern of infarctions as evidenced
by T wave and ST segment changes, and resultant pattern 'of scarring as
mdicate.d by Q‘ wave changes, The anterial and Iatéral portion of the left
ventricular wall on examination were yellowish in coler and soli'd in
consistency with the most extensive changes in the papillary muscle. The
extent of these changes varied in dog to dog,. but however the occurrance of
infarction could be questioned in only one dog in the contrclled groﬁp. The
dog showed only slight changes in electrocardiogram and on gross examina-

tion there appeared no evidence of infarction. Angiograms and gross

examination indicated that ligations were completad and intact.




